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In  this  edition  the  chief  changes  will  be  found  in  the  articlee  relat- 
ing to  physiological  chemistr}',  the  revision  having  been  deemed 
oeeaisary  beeanse  of  recent  a4\  ance^  in  this  branch  of  physiology, 
Ompters  IV,,  IX.,  and  XI^  are  tho*^  most  afl'eeted,  while  minor  alter- 
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A  few  changes  have  also  l^een  niudi^  in  the  chapter  on  the  Blood, 
iu  conformance  with  the  more  prominent  of  the  present  views  on  the 
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In  many  instances  cuts  have  been  replaced  by  others  which  illus- 
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CHAPTER  I. 

THE  PHENOMENA  OF  LIFE. 

Human  Physiology  is  the  scienec  which  treats  of  the  various  pro- 
or  changes  which  take  phico  during  life  in  the  organs  ami  tissuea 
of  the  l>ody  of  man.  These  processes,  however,  must  not  be  considered 
aa  by  any  means  peculiar  to  the  human  organism  since,  putting  aside 
the  properties  which  serve  to  distingiiish  man  from  other  animals,  aa 
well  as  those  which  mark  out  one  animal  from  an  other,  the  changes 
vhich  go  on  in  the  tissues  of  man  go  on  much  in  the  same  way  in  the 
tisoes  o(  all  other  animals  as  long  as  they  live.  Furthermore  it  is 
faond  that  similar  ehangcts  proceed  in  all  living  vegctahle  tissues;  they 
indeed  constitute  what  are  called  rifnl  phew^nnpna.ivTMX  arc  those  proper- 
tiaa  which  mark  out  living  from  non-living  material. 

The  lowest  types  of  life,  wliether  animal  or  vegeiahle,  are  found  to 
ooDfiLgt  of  minute  masses  of  a  ji'lly-like  subs  tarn  e,  which  is  now  gcner- 
aUj  knoMm  tinder  the  name  of  profoplft^m.  Each  such  minute  mass  is 
calloil  a  cell,  so  thiit  those  minute  elementary  organisms  are  designated 
umreilular.  Not  only  is  it  true  tliat  the  lowest  types  of  life  are  made 
a]>  tif  protophism,  hut  it  hns  ulso  been  shown  that  the  tissues  of  which 
lh&  most  complex  organisms  are  composed  consist  of  protoplasmic  cells. 

Thus,  for  example,  the  Iniman  biuly  can  be  slic^wu  by  dissection  to 
be  constnictcd  of  various  dissimilar  parts»  bones,  musclea,  lirain,  heart, 
hings,  intestines,  etc.,  and  these  on  more  minute  examination  with  the 
■id  of  the  microscope,  are  found  to  be  composed  of  different  tissues, 
anch  as  epithelial,  connective,  nervous,  muscular,  and  the  like.  Each  of 
tbete  tissues  is  maile  up  of  cells  or  of  their  altered  et|uivalents.  Again, 
we  are  taught  by  Embryology,  the  science  which  treats  of  the  growth 
md  stmcture  of  organisms  from  their  first  cominjr  into  being,  that  the 
human  body,  made  up  of  all  these  dissimilar  structures,  comuumced  its 
lif e  aa  a  minute  cell  or  t^mm  (fig.  2)  about  riu^h  ^^  *"^  ^^ich  in  diame- 
Wr,  consisting  of  a  spherical  mass  of  protoplasm  iu  the  mitlst  of  which 
»M  contained  a  smaller  spherical  body,  tlie  mtckuH  or  (/erminal  vesicle, 
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The  phenomena  of  life  then  are  oxliibited  in  cells,  whether  existing 
alone  or  developed  into  the  organs  and  tissnes  of  animals  and  plants. 
It  must  be  at  once  evident  that  a  (»orrect  knowledge  of  the  nature  and 
activities  of  the  cell  forms  the  very  foundation  of  physiology;  cells 
being,  in  fact,  pliysiological  no  h^ss  than  morphologiciil  units. 

The  prime  importance  of  the  cell  as  an  element  of  structure  waa  first 
established  by  the  researches  of  the  botanist  Schleiden,  and  his  concln- 
fiions,  drawn  from  the  study  of  vegetable  histology,  were  at  once  ex- 
tended by  Theodor  Schw^ann  to  the  animal 
kingdom.  Tlie  earlier  observers  defined  a  cell 
as  a  more  or  less  spherical  body  limited  by  a 
membrane,   and    containing    a    smaller   body 


liquid 


—  Cell  wftlL 


FijT.  1.— Vegetable  cells. 


NLicl':-u»  or  germinal 
.    vi-sjcle. 

HtirltftjIiiB  or  germi- 
nal FjTOi. 

&p»ee  l*-ft,  br  retrao- 
tign  of  yellc. 

Ycilk  t>t  vitellus. 


^-.Vlt«'11fne  membrmna. 


Fij?.  2.— Semldiajzrramniatic  repre«entation  of  a  hmnaa 
ovum,  Bhowinj?  the  parts  of  an  aninial  cell.   C^adiat.) 


termed  a  nucleus,  which  in  its  turn  incloses  one  or  more  still  smaller 
bodies  or  77 ur!e</7i.  Such  a  definition  ap])Iied  admirably  to  most  vege- 
table cells,  but  the  more  extended  investigation  of  animal  tissues  soon 
showed  that  in  many  cases  no  limiting  membrane  or  cell-wall  could  be 
demonstrated. 

The  presence  or  absence  of  a  cell-wall,  therefore,  was  now  regarded 
as  quite  a  secondary  matter,  wliile  at  the  same  time  the  cell-substance 
came  gradually  to  be  recognized  as  of  j)ri!nary  importance.  Many  of 
the  lower  forms  of  animal  life,  cj/,,  the  lUiizopoda,  were  found  to  con- 
sist almost  entirely  of  matter  very  simihir  in  api)earance  and  chemical 
composition  to  the  cell-substance  of  higher  forms;  and  this  from  its 
chemical  resemblance  to  flesh  was  termed  Sarrode  by  Dujardin.  When 
recognized  in  vegetable  cells  it  was  called  Prafoplasm  by  Mulder,  while 
Remak  applied  the  same  name  to  tlie  substance  of  animal  cells.  As  the 
presumed  formative  matter  in  animal  tissues  it  was  termed  Blastema^ 
and  in  the  belief  that,  wherever  found,  it  ah)iie  of  all  substances  has  to 
do  with  generation  and  nutrition,  Hcale  has  named  it  Germinal  matter 
or  Bioplasm.  Of  these  terms  tlie  one  most  in  vogue  at  the  present  day, 
as  we  have  already  said,  is  Protoplasm,  and  inasmuch  as  all  life,  both  in 
the  animal  and  vegetable  kingdoms,  is  associated  with  protoplasm,  we 
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are  justified  in  dpscribiiig  it,  wirli  Huxley,  us  the  '* physical  busia  of 

life,"or simply**  living  mutter/' 

A  ceil  may  now  be  defined  as  a  nucleated  mass  of  protoplasm,  of 

inicpoacopie  size,  varying  in  the  human  body  from  the  red  blood-cell 

which  is  about  ^^^^  of  an  inch  in  diameter  to  the  ganglion  cell,  ^J^  uf 
III  jndi,  which  possesses  sufticicnt  individuality  to  huve  u  life-hiBtory  of 
its  own.  Each  cell  originates  from  a  pre-exinting  cell,  grows,  produces 
other  cdia,  and  dies,  going  through  the  same,  though  briefer,  cycle  as  the 
whole  organism.  Some  of  the  lower  formti  of  life  seem  to  consist  of  non- 
nocleated  protoplasm,  but  the  above  fleliuition  holds  good  for  all  the 
btgher  plants  and  animals,  though  Konre  few  cells  lose  their  nuclei  in 
the  coarse  of  development,  r,//,,  the  red  blood-cells  of  all  mammals. 

Properties  of  Protoplasm. 

Protopl^m  IS  a  semi-fluid  substance,  which  swells  np  hut  does  not 
mix  with  water.  It  is  transparent  and  generally  colorless,  with  refrac- 
tive index  higher  than  that  of  water  but  li)wer  than  that  of  oil.  It  ia 
neutral  or  weakly  alkaline  in  reaction,  but  jnay  under  special  circnm- 
itaneea  be  acid,  ag,  for  example,  after  activity.  It  nndergoes  stiffening 
or  coagulation  at  a  tempeniturc  of  about  54.ri'^  C.  (i:]^  F.),  and  hence 
no  organism  can  live  when  its  own  temperature  is  raised  above  that 
|K»int;  it  is  also  coagnlated  an<l  therefore  killed  by  alcohol,  by  solutions 
of  many  of  the  metallic  salts^  by  strong  acids  and  ulkalieH,  and  by  many 
other  substances. 

Under  the  microscope  it  is  seen  almost  universallv  to  he  granular,  the 
tiules  consisting  of  different  substances,  either  albuminous,  or  fatty,  or 
'oogenous  matters,  or  more  rarely  of  inorganic  salts.  The  grauules  are 
not  equally  distributed  throughout  the  whole  cell-mass,  as  they  are  some- 
times absent  from  the  outer  part  or  layer,  and  very  numerous  in  the 
interior.  The  granules  may  exhibit  an  irregular  shakitjg,  dancing  move- 
1.  which  is  not  vital  and  is  known  as  the  Browmmi  movement.  In 
ition  to  granules,  protojjhHm  generally  exhibits  spaces  or  vacuoles, 
fenemlly  globular  in  shape,  excepting  during  movement  when  they  may 
be  irregular,  filled  with  a  watery  fluid.  These  vacuoles  are  more  numer- 
ocs  and  pronounced  in  vegetable  than  in  animal  cells.  Gas  bubbles  also 
lometimeB  exist  in  cells. 

It  is  impossible  to  make  any  defmito  statement  as  to  the  exact  chem- 
ical composition  of  living  protoplasm,  since  the  methods  of  chemical 
snalytis  necessarily  imply  the  death  of  the  cell;  it  is,  however,  stated 
that  prot«7plasm  contains  75  to  Sr*  per  cent  of  water,  and  of  the  15  to  25 
ptr  oent  of  solids,  the  most  important  part  belongs  to  the  classes  of  sul>- 
itaoea  called  proieids  or  albumins.  Proteids  contain  the  chemical  ele- 
meoU  carbon,  hydrogen,  nitrogen,  oxygen,  sulphuri  and  phosphorus*  the 
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last  two  fn  small  qnantities  only.  A  proteid-likc  substance,  nuclein^ 
found  in  the  nuclei  of  cells,  contains  phosphorus  in  greater  abundance. 
In  cell  protoplasm  a  compound  of  nucleiu  with  proteid,  called  nucleo- 
proteid,  forms  the  most  abundant  proteid  substance.  Other  bodies  are 
frequently  found  associated  with  the  proteids,  such  asglyrogeiiy  sfarrh^ 
ceHulosCy  which  contain  the  elements  carbon,  hydrogen,  and  oxygen,  the 
last  two  in  the  proportion  to  form  water,  and  hence  are  termed  carbo- 
hydrates  J  fafti/  hoiheSy  containing  carbon,  hydrogen,  and  oxygen,  but 
not  in  proportion  to  form  water;  Jenthin^  a  complicated  fatty  body  con- 
taining phosphorus;  cholesferut^  a  monatomic  alcohol;  chhro])hyU^  the 
coloring  matter  of  plants;  inorgamc  snlfs^  particularly  the  chlorides  and 
phosphates  of  calcium,  sodium,  and  potassium;  fennentSy  and  other  sub- 
stances. 

The  vital  or  physiological  characteristics  of  protoplasm  may  be 
well  studied  in  the  microscopic  animal  called  the  amcpba,  a  unicellular 
organism  found  chiefly  in  fresh  water,  but  also  in  the  sea  and  in  damp 
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earth.  These  properties  may  bo  conveniently  studied  under  the  follow- 
ing heads: — 

1.  The  Power  of  Spout  an  eons  Moifement, — When  an  amoeba  is  ob- 
served with  a  high  power  of  the  microscope,  it  is  found  to  consist  of  an 
irregular  mass  of  protoplasm  probably  containing  one  or  more  nuclei, 
the  protoplasm  itself  being  more  or  less  granular  and  vacuolated.  If 
watched  for  a  minute  or  two,  an  irregular  projection  is  seen  to  be  grad- 
ually thrust  out  from  the  main  body  and  retracted;  a  second  mass  is 
then  protruded  in  another  direction,  and  gradually  the  whole  proto- 
plasmic substance  is,  as  it  were,  drawn  into  it.  The  amoeba  thus  comes 
to  occupy  a  new  position,  and  when  this  is  repeated  several  times  we 
have  locomotion  in  a  definite  direction,  together  with  a  continual  change 
of  form.  These  movements,  when  observed  in  other  cells,  such  as  the 
colorless  blood-corpuscles  of  higher  animals  (fig.  3),  in  the  branched 
cornea  cells  of  the  frog  and  elsewhere,  are  hence  termed  animhoid. 

The  remarkable  movement  of  pigment  granules  observed  in  the 
branched  pigment  cells  of  the  frog's  skin  by  Lister  are  also  probably 
due  to  amoeboid  movement.  These  granules  are  seen  at  one  time  distrib- 
uted uniformly  through  the  body  and  branched  processes  of  the  cell, 
while  at  another  time  they  collect  in  the  central  mass  leaving  the 
branches  quite  colorless. 
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This  movetnent  within  the  pigment  cells  might  also  be  considered 
t*£ample  of  the  iso-uaileti  strvidnimj  inuvement  not  infrequently  aecn 
in  nerUlin  of  the  protozoa,  in  whieli  the  nuisfi  of  protophifim  extends 
fine  processt^iY,  tlh^nii^tlvt'S  wvy  lilile  niovulile,  but  upon  the 
'  which  freely  moving  or  streaming  grMniilea  are  seen.  A  ijlul- 
uip  tuovetueut  has  also  been  noticed  in  certain  animal  cells;  the  motile 
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part  of  the  cell  being  composed  uf  pr*,»tu|*lasin  homiding  u  central  and 
more  compnct  ma^s.  By  menus  of  the  free  movement  of  this  layer, 
Uie  cell  may  be  observed  to  move  along* 

In  vegetable  cells  the  protoplasmic  movement  can  be  well  seen  in 
the  hairs  of  the  stinging-nettle  and  Tradesntntia  mikI  the  cells  of  Vallis- 
nerta  and  Chara;  it  is  marked  by  the  Rujvernent  of  the  granules  nearly 
ahrayB  imbedded  in  it  For  example,  if  part  of  a  hair  of  Tnidescantia 
(fig.  5)  be  viewed  under  a  high  nuiguifying  power,  streams  of  proto- 
|ibciD  contiiining  crowds  of  grannies  hurrying  along,  like  the  foot- 
pMBengers  in  a  busy  street,  are  seen  flowing  steadily  in  definite  direc- 
tions, some  coursing  round  the  lllui  which  lines  ilie  interior  of  the  cell- 
wall«  and  others  (lowing  toward  or  awuy  from  the  irregular  mat^s  in  the 
centre  of  the  cell-cavity.     Many  of  these  streams  of  protoplasm  run 


f^  !L«-Oll  of  TtvdesonnriA  drawn  at  mtccessJvi?  liitfrvalH  of  t  wn  tiiiniit^tfl.— The  <M>ll'<PDute  Am 
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togofthpr  into  larger  ones  and  are  lost  in  the  central  mass^  and  thut 
eeaaeleM  Tariations  of  form  are  j^rodueed.  The  movement  of  the  pro- 
topbdSinlc  granules  to  or  from  the  periphery  is  sometimes  called  vegeta- 
ble rincti /a/ Ai/i«  whereas  the  movement  of  the  jirotoplasm  round  the  in- 
terior of  the  cell  is  called  rot  at  inn. 

The  first  account  of  the  movement  of  protoplasm  was  given  by 
lidsel  in  1755,  as  occurring  in  a  small  Proteus,  prohubly  a  large  fresh- 
vater  ama*ba.     His  description  was   followed   twenty   years   later   by 
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Corti's  demonstration  of  the  rotation  of  the  cell  sap  in  characese,  and  in 
the  earlier  part  of  the  century  by  Meyer  in  Vallisneria,  1827;  Robert 
Brown,  1831,  in  "  Stamina!  Hairs  of  Tradescantia/'  Then  came  Du jar- 
din's  description  of  the  granular  streaming  in  the  pseudopodia  of  Rhizo- 
pods  and  movement  in  other  cells  of  animal  protoplasm  (Planarian  eggs, 
V.  Siebold,  1841;  colorless  blood-corpuscles,  Wharton  Jones,  1846). 

2.  Tlie  Power  of  Response  to  Stimuli,  or  Irritability, — Although  the 
movements  of  the  amcuba  have  been  described  above  as  spontaneous,  yet 
they  may  be  increased  under  the  action  of  external  agencies  which 
excite  them  and  are  therefore  called  stimuli,  and  if  the  movement  has 
ceased  for  the  time,  as  is  the  case  if  the  temperature  is  lowered  beyond 
a  certain  point,  movement  may  be  set  up  by  raising  the  temperature. 
Again,  contact  with  foreign  bodies,  gentle  pressure,  certain  salts,  and 
electricity,  produce  or  increase  the  movement  in  the  amoeba.  The  pro- 
toplasm is,  therefore,  sensitive  or  irritable  to  stimuli,  and  shows  its  irri- 
tability by  movement  or  contraction  of  its  mass. 

The  effects  of  some  of  these  stimuli  niiiy  be  thus  further  detailed: — 

a.  Changes  of  Temperature. — Moderate  heat  acts  as  a  stimulant;  the 
movement  stops  below  0°  C.  (32°  F.),  and  above  40°  C.  (104°  R);  be- 
tween these  two  points  the  movements  increase  in  activity;  the  optimum 
temperature  is  about  37°  to  38°  C.  Exposure  to  a  temperature  even 
below  0°  C.  stops  the  movement  of  protoplasm,  but  does  not  prevent  its 
reappearance  if  the  temperature  is  raised;  on  the  other  hand,  prolonged 
exposure  to  a  temperature  of  over  40°  C.  altogether  kills  the  protoplasm 
and  causes  it  to  enter  into  a  condition  of  coagulation  or  heat  rigor. 

b.  Mechanical  Stimuli. — When  gently  squeezed  between  a  cover  and 
object-glass  under  proper  conditions,  a  colorless  blood-corpuscle  is  stim- 
ulated to  active  ama^boid  movement. 

c.  Nerve  Influence. — By  stimulation  of  the  nerves  of  the  frog's  cornea, 
contraction  of  certain  of  its  branched  cells  has  been  produced. 

d.  Chemical  Stimuli. — Waiter  generally  stops  aniceboid  movement, 
and  by  imbibition  causes  great  swelling  and  finally  bursting  of  the  cells. 
In  some  cases,  however  (myxomycetes),  protoplasm  can  be  almost  en- 
tirely dried  up,  but  remains  capable  of  renewing  its  movements  when 
again  moistened.  Dilute  salt-solution  and  many  dilute  acids  and  alka- 
lies stimulate  the  movements  temporarily.  Strong  acids  or  alkalies 
permanently  stop  the  movements;  ether,  chloroform,  veratria,  and  qui- 
nine also  stop  it  for  a  time. 

Movement  is  suspended  in  an  atmosphere  of  hydrogen  or  carbonic 
acid  and  resumed  on  the  admission  of  air  or  oxygen,  but  complete  with- 
drawal of  oxygen  will  after  a  time  kill  the  protoplasm. 

e.  Electrical. — Weak  currents  stimulate  the  movement,  while  strong 
currents  cause  the  cells  to  assume  a  spherical  form  and  to  become 
motionless. 
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3.  Tlie  Power  of  Digestion,  Respiration^  and  yufrition. — This  con- 
sists in  the  power  which  is  possessed  by  the  amoeba  and  similar  animal 
celUof  taking  in  food,  modifying  it,  building  up  tissue  by  assimilating 
it,  And  rejecting  what  is  not  assiTniluted.     Tliesc  various  processes  are 
effected  by  the  protoplasm  simply  (lowing  round  and  inclosing  within 
it«elf  minute  organisms  such  as  diatoms  and  the  like,  from  wliich  it 
eitnicts  what  it  requires,  and   then  rejects  or  excretts  the  remainder, 
which  has  never  formed  part  of  the  butiy.     This  Litter  proceeding  Is 
done  by  the  cell  withdrawing  itself  from  the  material  to  be  excreted* 
The  assimilation  constantly  taking  place  in  the  body  of  the  amceba,  is 
for  the  purpose  of  replacing  waste  uf  its  tissue  consequent  upon  maui- 
fefitation  of  energy.    The  respiratory  process 
of  absorbing  oxygen  goes  on  at  ibL*  same  time. 
The  processes  which  take  place  in  cells, 
both  animal  and  vegetable,  are  summed  up 
QDder  the  term  metaMism  (from  /i£t^i^jo/.7^, 
change).   The  changes  which  go  on  are  of 
two  kinds,  viz.,  amimilatlnn^  or  building  up, 
and  dimnjsimihi/ion.or  breaking  down;  they 
may  be  also  ciilled  composition  or  decom- 
position, or,  using  the  nomenclature  of  Gas- 
kell,  auaboiiAm  or  constructive  metabolism, 
and  kafaboli^m   or   destructive  metabolism. 
In  the  direction  of  anabolism  two  processes 
occur,  viz.,  the  building  np  of  materials  whh-h 
it  takes  in,  and  secondly,  the  building  up  of 
it«  own  substance  by  those  or  other  mate- 

halH.     As  we  shall  se'e  in  a  subsequent  para-    hai^1>fVrS5i;^ea'r,^l?^^^^ 
gmph,  the  process   of   anabolism  dim^rs  to    :^^:,!^  ^^^l^S^.^^^ 
mme  extent  in  vegetable  and  animal  cells.    SKtS^/i;^^^^ 
The  kutjibolii^m  of  the  cell  consists  in  chem- 

ioal  changes  which  occur  in   tbe  cell-substance  itself,  or  in  substances 
in  contact  with  it 

The  destructive  metabolism  of  a  cell  is  increased  by  its  activity,  but 
goes  on  also  during  quiesceni!e.  It  is  probably  of  the  nature  of  uxida- 
tiao^  and  results  in  the  evolution  of  carbonic  unhyiiride  and  water  on 
the  one  hand,  and  in  the  formation  of  various  substances  on  tlie  other, 
le  of  which  maybe  stored  up  in  the  cell  for  futnre  Ufso,  and  are 
led  secrttwns,  and  others,  like  the  carbonic  anhydride  and  certain 
bodies  containing  nitrogen,  are  eliminated  as  excreiiofis, 

4,  The  Power  of  Growth.— In  protophism  then,  it  is  seen  that  the 
two  processes  of  waste  and  repair  go  on  siilc  by  sideband  as  long  as  they 
are  equal  the  size  of  the  aiiinml  remains  stationary.  If,  however,  the 
boildiDg  up  exceed  the  waste,  then  the  animal  tjrow^^  ;  if  the  waste  ex- 
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ceed  the  repair,  the  animal  decays;  and  if  (]t*c:iy  go  on  hejond  a  certain 
point,  life  heoomes  impossible,  und  the  animal  dies. 

Growth,  or  the  inherent  ]>ower  of  increasing  in  size,  although  essen- 
tial to  our  idea  of  life,  is  not,  it  must  be  recollected,  confined  to  living 
beings.  A  crystal  of  common  salt,  for  example,  if  placed  under  appro- 
priate conditions  for  obtaining  fresh  material,  will  grow  in  a  fashion  as 
definitely  characteristic  and  as  easily  to  be  foretold  as  that  of  a  liying 
creature:  but  the  growth  of  a  crystal  takes  place  merely  by  additions 
to  its  outside;  the  new  matter  is  laid  on  particle  by  particle,  and  layer 
by  layer,  and,  Avheu  once  laid  on,  it  remains  unchanged.  In  a  living 
structure,  where  growth  occurs,  it  is  by  addition  of  new  matter,  not  to 
the  surface  only,  but  throughout  every  ])art  of  the  mass. 

Again,  all  living  structures  are  subject  to  constant  decay.  Thas,  a 
man's  body  is  not  composed  of  exactly  the  same  particles  day  after  day, 
although  to  all  intents  he  remains  the  same  individual.  Almost  every 
p:irt  is  changed  by  degrees;  but  the  change  is  so  gradual,  and  the  re- 
newal of  that  which  is  lost  so  exact,  that  no  difference  may  be  noticed, 
except  at  long  intervals  of  time.  A  lifeless  structure,  as  a  crystal,  is 
subject  to  no  sucli  laws;  neither  decay  nor  repair  is  a  necessary  condi- 
tion of  its  existence.  That  which  is  true  of  structures  which  never  had 
to  do  with  life  is  true  also  with  resptct  to  those  which,  although  they 
are  formeil  by  living  parts,  are  not  themselves  alive.  Thus,  an  oyster- 
shell  is  formed  by  the  living  animal  which  it  incloses,  but  it  is  as  lifeless 
as  any  other  mass  of  inorganic  matter;  and  in  accordance  with  this 
circumstance  its  growth  Uikes  place  layer  by  layer,  and  it  is  not  subject 
to  constant  decay  and  reconstruction.  The  hair  and  nails  are  examples 
of  the  same  fact. 

In  connection,  too,  with  the  growth  of  lifeless  masses  there  is  no 
alteration  in  the  chemical  composition  of  the  material  which  is  taken 
up  and  addeil  to  the  previously  existing  mass.  For  example,  when  a 
crysUil  of  connnuu  salt  grows  on  being  placed  in  a  fluid  which  contains 
the  same  material,  the  i)ro}>erties  of  the  salt  are  not  changed  by  being 
taken  out  of  the  licjuid  by  the  crystal  and  added  to  its  surface  in  a  solid 
form.  But  the  case  is  essentially  different  in  living  beings,  both  animal 
and  vegetable,  as  the  materials  which  serve  ultimately  to  build  them 
up  are  much  altered  l>efore  they  are  finally  asiiimilated  by  the  structures 
they  are  destineil  to  nourish. 

The  growth  of  all  living  things  has  a  definite  limit,  and  the  law 
which  governs  this  limitation  of  increase  in  size  is  so  invariable  that  we 
should  be  as  much  astonished  to  find  an  individual  plant  or  animal 
without  limit  as  to  growth  as  without  limit  to  life. 

5.  TJie  Power  of  Jivjtrofivrfion. — The  ama^ba,  to  return  to  our  former 
illustration,  when  the  growth  of  its  protoplasm  has  reached  a  certain 
point,  manifests  the  power  of  reproduction,  by  splitting  up  into  (or  in 
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game  other  way  producing)  two  or  more  parts,  ejich  of  which  ie  capable 
of  independent  existence.  The  uew  urrio^ha?  mauifest  the  same  proper- 
ties afi  their  parent,  perforni  the  same  fiinetioos,  grow  and  reproduce  in 
imt  turn.     This  cycle  of  life  ia  being  cuntinually  passed  through. 

In  more  codi plicated  structures  than  the  ama4)a,  the  life  of  indi- 
viduiil  protoplasmic  cells  u  probably  very  short  in  comparison  with  that 
i>f  the  organism  they  compose;  and  their  constant  decay  and  death 
ceceaitate  constant  reproduction. 

The  mode  in  which  this  takes  place  has  long  been  the  subject  of 
great  controversy. 

It  is  now  very  generally  believed  that  every  cell  is  des^ceuded  from 
some  pre-existing  (mother-)  cell.     This  derivation  of  cells  from  cells 
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?\|C.  *  — Diai^rmin  of  an  ovum  <n)  uiiderK^ini;  SBfrmenrAtiou-In  (h)  it  hue  rllvided  Into  two,  in 
(e)  Into  four;  mad  In  (jd)  the  prooeas  has  euder)  in  tiie  piXMltactinn  of  tlje  my  eatletl  ''  mulberry  Daaaa/* 

Uikcs  place  by  (1)  gimimadmi,  which  essentially  consists  in  the  budding 
«jff  and  separation  of  a  portion  of  the  parent  cell;  or  (2)  fission  or  divi- 

The  eiact  manner  of  the  division  of  cells  is  a  matter  of  some  diffi- 
fttUy,  and  will  not  be  described  until  the  subject  of  the  structure  of 
protopLismic  cells  has  been  considered. 

Structure  of  Protoplasmic  Cells. 

Protoplasm  was  formerly  thonght  to  be  liornogeneous:  though  this 
be  true  in  gome  caaes,  it  is  now  generally  found  to  consist  of  two 
wbatances,  spongiuplasm  and  hyalpplasm.  The  iipomjiuphami  or  reiicU' 
Imn  funns  a  tine  network,  increases  in  relative  amount  as  the  cell  grows 
ulder,  and  htui  an  allinity  for  staining  reagents.  The  hyalaplamn  is  loss 
n»ffMctile,  elastic,  or  extensile,  and  has  no  affinity  for  stains;  it  pre- 
*lr>tn!nates  in  young  cells,  is  thought  to  be  lluid,  and  fills  the  interspaces 
of  the  reticulum.  The  nodal  points  of  the  reticulum,  with  the  grannies 
{micrmumes)  found  in  the  protoplasm,  cause  the  granular  appearance. 
B«t6<:hli  has  recently  asserted  that  proto]>lasm  is  an  emulsion  made  up 
tff  unii3c;rous  microscopic  vacuoles  whose  walls  are  in  close  apposition  and 
Wi  seoD  diider  the  microscope  in  optical  section  only,  thus  causing  the 
r^tictihr  appearance.     This  idea  is  accepted  by  few. 

The  arrangement  of  the  reticulnm  varies  considerably  in  different 
cdls^  aiiiJ  even  in  different  parts  of  the  same  cell.  Sometimes,  for  ex- 
wriple  (tig.  8),  the  mesh  work  has  an  elongated  radial  arrangemeDt  from 
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tb©  naeleus;  at  others*  the  mesh  work  is  more  evenly  disposed,  as  in 
fig,  9.  At  the  jiuicliuns  of  thii  fibrils  there  are  ugimlly  slight  enlarge* 
ments  or  nodes* 

In  gome  cells,  imrticiilarlj  in  plants,  hut  also  in  Home  animal  eel 
there  is  a  tendeucy  towaid  u  furnuitiun  of  a  Uriiier  external  envelop^ 


•ge- 


Membr&De  of  crlL 


BeCaculiuD  of  ceU  . 


,  Menibnuit*  of  nucleuft. 


AchrnmiUic  substjuioeof 

-     1 tvM^ 

.  r:..r>'i<..aii3  wilntimnii  of 

iji.jLl+'ija. 


fig.  B.— Oen  wfth  Its  reticuluni  dlipcwed  rwiiAlljri  from  tbe  iDieetliud  epitli«ljum  of  u  vrorm, 

(Cumoy.) 


i 

mi 


conetituting  in  vegetahle  cells  a  nieinhraiio  distinct  from  the  mi 
ci-ntral  and  more  fluid  part  of  the  protoplasm.  In  siicli  cases  thereticii- 
Inm  at  the  periphery  of  the  cell  is  made  np  of  very  fine  meshes.  The 
memhrane  when  formed  is  usnally  pierced  with  pores  by  which  floidmay 
pasa  in,  or  through  whicli  protrusion  of  the  protoplasmic  filamcntg form- 
ing the  cell's  connection  wiU*  cither  cells  surrounding  il  may  take  plaoe. 
It  is  an  exceedingly  interesting  question  whether  in  cells  the  one 


f%.§.--CA)  TJu"  ,  ,*loilr  ss  Ul lHH)rpiii4cle  slumiOB  the  intra-ceJUiliir  uetworlc.  And  two  Dticlol 

with  totrm-Duclear  n>Muf.rk  i  it  ^  (\i|ortHl  lj1mKl-cornij»(.He  of  n^^-t  showing  the  laLTft-^eUtllBr  itet 
work  of  flbrilB.  Alm>  uval  niJclL-uft  uouiprjupcl  of  ILuiluug  tueuibr&tie  aud  fin©  iiitr»*niicleftr  netwoHi 
of  flbrila.     x  BOtK    (Klein  and  NobU?  Sniith.^ 


part  of  the  protoplasm  can  exist  without  the  other.  Schafer  summar- 
izes the  matter  thus: — "There  are  cells,  and  unicellular  organisms  both 
animal  and  vegetable,  in  wiiich  no  reticular  structure  can  be  made  out, 
and  these  mail  be  formed  of  hyaloplasm  alone.  In  that  case,  this  musi 
be  looked  upon  as  the  essential  part  of  protoplasm.  So  far  as  amceboid 
phenomena  are  concerned  it  is  certainly  so;  but  whether  the  chemical 
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cfiSgSMpnien  oc€nr  in  many  cells  are  effected  by  tliis  or  by  spoiigio- 
|jlasm  is  another  matter.** 

Another  queetion  about  which  there  is  some  difference  of  opinion  is, 
which  part  of  the  protoplasm  is  chiefly  contractile.  It  is  nsuully  con- 
cladml  that  this  property  rests  in  the  mesh  work,  hut  there  seems  a 
considerable  amonnt  of  evidence  in  favor  of  the  view  that  part  if  not 
Jillfif  the  contnictility  resides  in  the  hyaloplasm;  for  exampte,  in  umo> 
W  cells  the  psendopodial  i^rotopl^usm  ure  certainly  made  of  this  and 
not  of  gpongioplasni,  and  when  the  corpuscle  is  stininhited  the  hyalo- 
pUsm  flows  bjick  into  the  retitmlar  network.  If  the  view  thai  the  hyalo- 
pbsni  is  chiefly  contractile  he  a  correct  one,  the  special  condition  of  an 
itnu'lsoid  cell  must  be  considered  to  be  condition  of  contraction,  and 
Ihe  liowing  out  of  the  process  to  be  relaxation. 

The  Cell  Nucleus. 


All  cells    at  grime   period   of   their  existetjce   possess  nncki.      As 
has  been  incidentally  suggested  the  origin  of  a  nucleus  in  a  cell  is  the 
first  trace  of  the  differentiation  of  protoplasm.     The  existence  of  nuclei 
ra^  first  pointed  out  in  the  vear  18:13  by  Robert  lirown,  who  observed 
tbem  in  vegetable  cells.     They  are  either  small  transparent  vesicular 
Mm  containing  one  or  more  smaller  particles  (nucleoli),  or  they  are 
wmi-solid  masses  of  protoplasm  always  in  the  resting  condition  bounded 
by  a  well-defined  envelope.     In  their  relation  to  the  life  of  the  cell  they 
are  certainly  hardly  second  in  importance  to  the  protoplasm  itself,  and 
thus  Beale  is  fully  justified  in  comprising  both  under  the  term  "  ger- 
minal matter/*     They  control  the  nutrition  of  the  cell,  and  probably 
ioitiata  the  process  of  subdivision.     If  a  cell  be  mechanically  diTided, 
that  j»urtion  not  containing  the  nucleus  dies. 

Histologists  have  long  recognized  nuclei  by  two  important  char- 
»cterfl : — 

(L)  Their  power  of  resisting  the  action  of  various  acids  and  alkalies, 
fiarticularly  acetic  acid,  by  which  their  ontline  is  more  clearly  defined, 
ind  they  are  rendered  more  easily  visible.  This  indiciites  some  chemi- 
cal difference  between  the  protophism  of  the  cells  and  nuclei,  as  the 
former  is  destroyed  by  these  reagents. 

(2.)  Their  quality  of  staining  in  solutions  of  carmine,  ha?matoxylin, 
1  dtc.  Nuclei  are  most  commonly  oval  or  ronnd,  and  do  not  generally 
!  oonfonn  to  the  diverse  shapes  of  the  cells;  they  are  altogether  less  vari- 
uble  elements  tljan  cells,  even  in  regard  to  size,  of  which  fact  one  may 
■fee  a  good  example  in  the  uniformity  of  the  nuclei  in  cells  so  multiform 
ai  those  of  epithelinm.  Bnt  sometimes  nuclei  occupy  almost  the  whole 
of  the  cell,  as  in  the  lymph  corpuscles  of  lymphatic  glandsi  and  in  some 
small  iierve  cells,  and  may  even  project  above  tlie  surface. 
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Their  pociition  in  the  cell  is  Tery  Tariable.     In  many  cells,  especially 
where  active  growth  is  progressing,  two  or  more  nnclei  are  present. 


Structure  of  Nuclei. 

The  nnclens  when  in  a  condition  of  rest  is  bounded  by  a  distinct 
membrane,  the  nuclear  membrane,  possibly  derived  from  the  spongio- 
plasm  of  the  cell,  which  encloses  the  nuclear  contents  or  karyoplasm. 
The  membrane  consists  of  an  inner,  or  chromatic,  and  an  of  outer,  or 


Node  of  minliwoirlc 


Node  of  nHAhwcrk 


I^w!fucl«Ar  tiiembraDe. 

KiiFlimu-  matrix. 
.,,_NiiclfiQr  mesh  work. 


Fig.  10.— The  restinfc  nucleus— UiAfnwnnuUic.    (Waldeyer.) 


achromatic  layer,  so  called  from  their  reaction  to  stains.  The  karyo- 
plasm  is  made  up  of  a  reticular  network,  or  chronioplasm^  whose  in- 
terspaces are  filled  by  the  karyolymph,  or  nuclear  viairixy  a  homogeneous 
substance  which  is  rich  in  proteids,  has  but  slight  affinity  for  stains, 
and  is  supposed  to  be  fluid. 

The  network  is  composed  of  linin^  or   achromatin,  a   transparent 
unstainable  framework;  and  of  chromatin^  which  stains  deeply,  is  sup- 
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FUf.  11.— Diafnttm  of  nucleuH  showinf:  thearranf^ment  of  chief  chromatic  fllamentg.  a.  Viewed 
from  the  side,  the  polar  end  being  uppermost,  p.c.f.^  Primanr  chromatic  fllamentx:  n..  nucleolus; 
n.o.m.^  node  of  meahwork.  b.  Viewed  at  the  polar  end.  l.cj.^  Looped  chromatic  filament;  i./.,  ir- 
regular fllamcot.    (Kahl.) 

ported  by  the  linin,  and  occurs  sometimes  in  the  form  of  granules,  but 
usually  as  irregular  anastomosing  threads,  both  thicker  primary  fibres 
and  thinner  connecting  branches.  The  threads  often  form  thickened 
nodes,  karyosemes  or  false  nucleoli,  at  their  points  of  intersection.     It 
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iujow quite  generally  believed  that  tlie  chronintin  occora  oa  abort,  nid* 
hkeuiui  highly  refractive  iiiasaes,  which  are  emhedcled  in  the  litiin  in  ii 
ngul&r  aeries. 

The  nuch&li^  or  plasmosomes,  are  spherical  bodie:^  of  unknown  func- 
tion. They  stain  deeply,  and  may  either  He  free  in  the  ny clear  matrix 
or  be  attached  to  the  threads  of  the  network. 


Attraction  Sphere. 

In  addition  to  the  nncleiis,  a  minute  spherical  body  called  the  emtro- 
^fmf  is  believed  to  be  constantly  preseTit  in  animal  cells,  though  some- 
times  too  STnall  to  be  demonstrated.  The  centroaome  is  smaller  than 
the  nacletis,  clo^  to  which  it  lies,  and  exerts  a  peculiar  attraction  for 


Fl^  1U.— Leuooiqrte  of  S&Utiuiiuier  Ljinra,  sbowinfcattnu*ttoa  nphere.    (Aftor  FletnnilnK,) 

the  protoplasmic  filaments  and  granules  in  its  vicinity,  bo  that  it  u  aur- 
roonded  by  a  zone  of  fine  radiati?ig  fibrils,  forming  the  attravimn  sphere 
or  archoplasm.  Some  authorities  assert  that  the  centroaome  lies  within 
tbe  nucleus  in  the  resting  state,  and  only  passes  into  the  cell  proper  in 
the  earlier  stages  of  cell  division.  The  attraction  sphere  is  most  dis- 
tinctly seen  in  cells  abont  to  divide.  It  plays  an  import»nt  role  in 
noclear  division,  but  it  is  doiihted  if  it  gives  the  initial  impulse  to  the 
process. 

Cell  Dmsion. 

The  division  of  a  cell  is  preceded  by  division  of  its  nuclens,  which 
may  be  either  direct  or  indirect,  hircct  or  simple  division,  amitosis  or 
Akineflis  (uW/tfty,  inovement),  mTurs  witliont  any  cliange  in  the  arrange- 
ment of  the  intranuclear  network ;  it  it^  probably  limited  to  the  amoeba. 


14 


HANDBOOK   OF   PHY8I0L0OY. 


A  constriction  develops  at  the  centre  of  the  nucleus,  possibly  preceded 
by  division  of  the  nnclooli,  and  gradually  divides  it  into  two  equal 
daughter  nuclei.  A  similar  constriction  of  the  protoplasm  of  the  cell 
occurs  between  the  daughter  nuclei  and  divides  it  in  two  parts. 


FlflT.  12.— Akinesis,  amitodis,  or  direct  cell  divisioD.  A^  ConHtrltrtion  of  oucleus;  B.  dWlslon 
of  DucleuR  and  constriction  of  cell  l>ody;  (\  dauf^hter  nuclei  still  connected  by  a  thread,  diTiaion 
being  delayed  :  /),  division  of  cell  body  nearly  complete.     (After  Arnold.) 

Indirect  division,  mitosis  {iiiro^^  a  thread),  or  karyokinesis  {xdpoov^ 
a  kernel),  is  the  almost  universal  method,  and  consists  of  a  series  of 


FiR.  12a.— Karyokinesis.  mitosis,  or  indirect  cell  division  (dinf^rainmatic).  A^  Cell  with  rest- 
ing nucleus;  B^  wreath,  daughter  centrosomes  and  early  stage  of  achromatic  spindle;  C,  chromo- 
Bomes;  D,  monaster  stage,  achromatic  spindle  in  long  axis  of  nucleus,  chromosomes  dividing: 
JF,  chromosomes  moving  toward  centrosomes;  J^,  diaster  stage,  chromosomes  at  poles  of  nucleus, 
commencing  constriction  of  cell  body:  G^  daughter  nuclei  beginning  return  to.  resting  state:  //, 
daughter  nuclei  showing  monaster  and  wreath;  7,  complete  division  of  cell  body  into  daughter 
cells  whose  nuclei  have  returned  to  the  resting  state.    CAf ter  B(5hm  and  von  Davidoff. ) 


changes  in  the  arrangement  of  the  intranuclear  network,  resulting  in 
the  exact  division  of  the  chromatic  fibres  into  two  parts,  which  form  the 
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chromoplaam  of  the  flatighter  nuclei.  The  changes  follow  a  closely 
.^railar  course  in  both  phmt  and  animal  oells.  The  process  lias  been 
dirldod  by  different  authorities  into  a  varying  number  of  stages,  with 
farving  names,  but  for  the  sake  of  simplicity  it  seems  best  to  accept  the 


cipis&i. 


111;. H— EAirix stiusea  of  kanokloeiiis.  a.  Tlio  thicker  priinan- flbrefl  remain  ftod  theacbnv 
■iti(?i|ilndk  «pp«Ars.  b.  Ttiu  iJiick  flbres  split  into  two  anil  tim  achmni&tlc  spiodle  beoomefl  loogi- 
todiuil.   cWiWeyer.j 


authority  of  Verworn  and  recognize  two  stages  only — ^a  progressive  one  in 
i»hieb  the  changes  in  the  nucleus  advance  to  a  maxinium,  and  a  retro- 
gressive one  in  wliich  the  resulting  nuclear  halves  revert  to  the  resting 

Progressive  stage,     Tlie  resting  nucleus  becomes  somewhat  enlarged, 
and  theeentroeome  (according  to  those  who  regard  it  as  lying  normally 


tvUtml  ^^ 


Polo*-  ixte^^tMonr 


PoUti' J^^diali^au 


Flf*  H,— Monaatcr  it&{ci9  of  kjiryoklDeils.    (ltiA\i\,  > 


vitKin  the  nucleus)  migrates  into  the  cell  protoplaani.  The  centrosome 
tli^n  divides  into  two  daughter  centrosomca  which  lie  near  the  nucleus 
Imt  are  separated  by  a  considerable  interval.  Each  is  surronnded  by  the 
mdiating  fibrils  of  the  attraction  sphere,  and  some  of  these  fibrils  pass 
eouttnaotisly  from  one  centrosome  to  tlie  other,  forming  the  achrmnaiie 
ffnnt/Ie,  At  the  same  time  (prophnse^'^)  the  intranuclear  netw^ork  be- 
comes converted  iuto  a  fine  convoluted  coil  (spireju  or  sir  in)  which  may 
be  either  continuous  or  else  broken  np  into  several  threads.     The  thread 
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or  threads  then  sborteD  and  become  thicker,  while  the  convolutions, 
which  have  become  less  numerous,  arrange  themselves  in  a  series  of  con- 
necting loops,  formiug  the  wreath.  The  nuclear  membrane  and  the 
nucleolus  disappear,  the  latter  passing  at  times  into  the  cell  protoplasm 
and  disintegrating.     The  wreath  then  breaks  up  into  V-shaped  segments. 


Fine  uniting: 
fllaiDfents. 


Fio.  15.-8ta|{e8  of  karyoklnefilfl. 
B.  The  nepanttion  further  advamtnl. 
achromatic  aplndle. 


(Rabl.)    A.  Commencing  separation  of  the  split  chromosomes. 
C.  The  M^parattfd  cbrumusomes  passlnir  aiong  the  flbrra  uf  tbe 


the  chromosomes^  of  which  each  species  of  auinial  has  a  constant  and 
characteristic  number.  This  varies  from  two  to  thirty-six  in  the  diflFer- 
eut  animals,  but  is  sixteen  in  man. 

The  two  centrosomes  migrate  to  the  poles  of  the  nucleus,  while  the 
achromatic  spindle  which  connects  them  occupies  the  long  axis  of  the 


._  Remains  of  spindle. 


Line  of  separation 
of  the  two  cells. 

Antipole  of  daugh-^ 
ter  nucleus. 


LifChter   subfttanoe 
of  ttie  nucleus. 


Oell  protoplasm. 
HUus. 


Fig.  Ifl.— Final  sta#?e8  of  karyokineslji.    In  the  lower  flfnire  the  chanpes  are  atlU  more  advanced  than 

in  the  upper.    C^Valdt^yt  r. ) 


nucleus.  The  chromosomes,  becoming  much  shorter  and  thicker,  gather 
around  the  spindle  in  its  equatorial  plane,  with  their  angles  directed 
toward  the  centre,  forming  the  aster  or  monaster. 

The  actual  division  of  the  nucleus  is  begun  at  this  time  {metaphnses) 
by  the  splitting  of  each  chromosome  longitudinally  into  halves  which  lie 
at  first  close  together  so  that  each  seems  doubled.  Soon  afterward  the 
fibrils  of  the  achromatic  spindle  begin  to  contract,  and  thus  separate  the 
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halves  of  tbe  cbroniofioines  in  siicb  a  way  that  one-hall  of  eacb  is  turned 
toward  oue  pole,  ami  the  otber  half  toward  the  other*  As  this  con- 
tiooes,  the  two  groups,  which  are  equal  in  size,  draw  away  from  eacb 
etber  and  from  the  equator,  each  group  being  formed  of  daughter 
chromosomes. 

Retrogresiive  etage  (anaphases  and  telophases).  The  two  groups 
(dnugbtur  chromosomes)  now  gradually  approach  their  respectivo  poles, 
or  centroaomes,  and  the  equator  btconies  free.  On  reaching  the  pole, 
each  group  gatliers  iu  a  furm  w  hich  h  similar  in  arrangement  to  the 
iDOuafter  and  is  known  as  the  diaster.  During  this  time  the  cell  body 
becomes  slightly  constricted  by  a  circular  groove  at  ila  equatorial  plane. 
Soon  afterward  the  fibrils  of  tho  achromatic  spindle  which  connect  the 
two  groups  begin  to  grow  dim  and  linally  disappear.  The  daughter 
chromosomes  assume  tlie  form  of  threads  twisted  in  acoit  and  develop 
each  a  bu clear  niembraire  and  a  nucleolii!^,  forming  a  daughter  nucleus. 
The  nuclei  enlarge  and  the  nuclear  threads  assume  the  appearance  of  the 
resting  state  of  the  nucleus.  Meanwhile,  the  constriction  about  the 
body  of  the  cell  has  become  deeper  and  deeper  until  the  protoplasm  is 
divided  into  two  equal  pjjrts,  or  daughter  celb,  each  with  its  daughter 
oocleus,  and  the  process  of  karyokiDeais  is  completed. 


Differences  between  Animals  and  Plants. 

Having  considered  at  some  length  the  vittil  properties  of  protoplasm, 
as  shown  in  cells  of  vegetable  as  well  as  of  animal  orgjinisms,  we  are  now 
in  a  position  to  discuss  the  question  of  the  differences  between  plants  and 
animals.  It  might  at  the  outset  of  our  inquiry  hiive  seemed  an  unueo- 
eanrjr  thing  to  recount  the  distinctions  which  exist  between  an  animal 
ind  a  vegetable  as  they  are  in  many  cases  so  obvious,  but,  however  great 
the  differences  maybe  betwreen  the  liigher  animals  nnd  plants,  in  the 
lowejgt  of  them  the  distinctions  are  much  Jess  plain. 

In  the  first  place^  it  is  important  to  lay  stress  opon  tho  differences 
between  vegetable  and  animal  ceils^  first  as  regards  their  structure  and 
next  as  regards  their  functions. 

(1.)  It  has  been  already  mentioned  that  in  animal  cells  an  envelope 
or  cell-wall  is  by  no  means  always  present.  In  adult  vegetable  cells,  on 
the  other  hand,  u  well-defined  cellulose  wall  is  highly  characteristic; 
this,  it  should  be  remembered,  is  non-nitrogenous,  and  thus  differs 
chemically   as   well   aa  structurally    from    the   contained    protoplasmic 


Moreover,  in  vegetable  cells  (fig.  17,  b),  the  protoplasmic  contents 
of  the  Dell  fall  into  two  subdivisions:  (1)  a  continuous  film  which  lines 
As  iatarioir  of  tbo  ceUtiloBe  wall;  and   (2)  a  reticulate  mass  contain- 
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ing  the  nucleus  and  occupying  the  cell  cavity;  its  interstices  are  filled 
with  fluid.  In  young  vegetable  cells  such  a  distinction  does  not 
exist;  a  finely  granular  protoplasm  occupies  the  whole  cell-cavity 
(fig.  17,  A). 

Another  striking  difference  is  the  frequent  presence  of  a  large  quan- 
tity of  intercellular  substance  in  animal  tissues^  while  in  vegetables  it  is 
comparatively  rare,  the  requisite  consistency  being  given  to  their  tissnes 
by  the  tough  cellulose  walls,  often  thickened  by  deposits  of  lignin. 
As  an  example  of  the  manner  in  which  this  end  is  attained  in  animal 
tissues,  may  be  mentioned  the  deposition  of  lime  salts  in  a  matrix  of 
intercellular  substance  which  occurs  in  the  formation  of  bone. 

(^i.)  As  regar(]s  the  respective  functions  of  animal  and  vegetable  cellsy 
one  of  the  most  important  differences  consists  in  the  power  which  vege- 
table cells  possess  of  being  able  to  build  up  new  complicated  nitrogenons 


Fifr.  17.— Ca.>  Youiijt  vopetable  cells,  showing?  celln-avlty  entirely  filled  with  frranular  protopli 
incloHing  a  lanre  oval  nucleus,  with  one  or  more  nucleoli,    (b.)  Older  cells  from  same  iMant,  Khow- 
iiiK  distinct  celluloHe-wall  and  vacuolutiou  of  protoplasui. 

and  non-nitn»<^oiious  bodies  out  of  very  simple  chemical  substances  ob- 
tained from  the  air  and  from  the  soil.  They  obtain  from  the  air,  oxy- 
tjjeii.  (^r.rboniti  anhydride,  and  water,  as  well  as  traces  of  ammonia  gas; 
and  from  the  soil  they  obtiiin  water,  ammonium  stilts,  nitrates,  sulphates- 
and  phosphates,  and  such  bases  as  potassium,  calcium,  magnesium,  so- 
dium, iron,  and  others.  The  majority  of  plants  are  able  to  work  up 
these  elementary  compounds  into  other  and  more  complicated  bodies. 
This  they  are  able  to  do  in  consequence  of  their  containing  a  cert'iin 
coloring  matter  trailed  c/tlorojt/it/I/,  the  presence  of  which  is  the  cause  of 
the  green  hue  of  plants.  In  all  plants  which  contain  chlorophyll  two 
processes  are  constantly  goin;x  on  when  they  are  exposed  to  light:  one, 
which  is  called  frue  rt'spinition  ami  is  a  process  common  to  animal  and 
vegetable  cells  alike,  consists  in  the  taking  of  the  oxygen  from  the  at- 
mosphere and  the  giving'  out  of  carbon  dioxide;  the  other,  which  is 
peculiar  apparently  to  boilii**  containing  chlorophyll,  consists  in  the 
taking  in  of  carbon  dioxide  an<l  the  giving  out  of  oxygen.  It  seems  that 
the  chlorophyll  is  capable  of  decomposing  the  carbon  dioxide  gas  and 
of  fixing  the  carbon  in  the  structures  in  the  form  of  some  new  com- 
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pounds  ODe  of  the  moet  rapidly  formed  of  which  ia  darch,     Tlio  first 
step  in  the  formation  of  starch  ia  the  miion  of  carbon  dioxide  und  water 
to  form  formic  aldehyde,  C02+H-0  =  CHaO+02.i  oxygen  being  evolved; 
thea  hy  polymerization  the  formation  of  sugar  thns,  0  CII-iOr^CeHiaOGj 
*nd  by  dehydration,  CelliiOti — HaO^CoUioO^*  the  production  of  starch. 
In  this  way  is  starch  synthesized  or  built  np,     Vegetuble  protoplasm  by 
the  aid  of  its  chlorophyll  is  able  to  build  up  a  large  number  of  bodies 
besides  starch,  the   most  interesting  and  iniportLiut   being  proteid  or 
albumin.     It  appears  to  be  a  fact  that  the  power  which  bodies  possess 
af  being  able  to  synthesize  is  to  a  largo  extent  dependent  upon  the  chlo- 
rophyll they  contain.     Thus  the  power  is  only  present  lo  any  marked 
extent  in  the  plants  in  which  chlorophyll  is  found  and  is  absent  in  those 
which  do  not  possess  it;  wliile  on  tbe  other  hand  it  is  present  in  the 
dtreraely  few  animals  which  contiun  it  and  is  absent  except  in  certain 
fare  instances  liS  one  of  the  properties  of  animal  protoplasm. 

It  mast  be  recollected,  however,  that  chlorophyll  without  the  aid  of 
the  light  of  the  sun  can  do  nothing  in  the  way  of  building  up  substances, 
and  a  plant  containing  chlorophyll  when  placed  in  the  dark,  as  long  as 
it  liTes,  and  that  is  not  as  a  rule  long,  acts  as  though  it  did  not  contain 
vxj  of  that  substance^  It  is  an  interesting  fact  that  certain  of  the  bac- 
Icrta  have  the  r^hlorophyll  replaced  by  a  similar  pigment  which  is  able 
to  decompose  carbon  dioxide  gns. 

Animal  cells,  except  in  the  very  rare  cases  above  alluded  to,  do  n/jt 
poesesB  the  power  of  building  up  from  simple  materials;  their  activity 
if  chiefly  exercised  in  the  opposite  direction,  viz.,  they  have  brougiit  to 
^tum  as  food  the  complicated  compounds  produced  by  the  vegetable 
kisgdtmij  and  with  them  they  are  able  to  perform  their  functions,  set- 
ting free  energy  in  the  direction  of  beat,  motion,  and  electricity,  and  at 
tbe  same  time  eliminating  such  bodies  as  carbon  dioxide  and  water,  and 
prodaciDg  other  bodies,  many  of  which  contain  nitrogen,  but  which  are 
derivml  from  decomposition,  and  only  in  very  rare  cases  from  building 

It  most  be  distinctly  understood,  however,  that  there  are  instances 
€( animal  cells  performing  synthetic  functions  and  of  combining  two 
iiinpler  compounds  to  produce  one  more  complex,  and  it  is  quite  possi- 
ble that  many  of  tbe  processes  performed  by  the  cells  of  certain  organs 
Ai«  instanced  of  synthesis,  and  not  as  they  have  been  described  of  break- 
ing  down;  and  the  reverse  is  undoubtedly  the  case  with  vegetable  cells, 
io  that  it  is  impossible  to  generalize  to  a  greater  extent  than  to  say  that 
Iho  tendency  of  the  activity  of  the  vegetable  cell  is  chiefly  toward  eyn- 
thjiia,  and  of  the  animal  cell  toward  analyds. 

With  reference  to  the  substance  chlorophyll  it  is  necessary  to  say  a 
few  words.     It  has  heen  noted  that  the  syntbetical  operations  of  vege- 
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table  cells  are  peculiarly  associated  with  tlio  posspssion  of  chlorophyll 
and  that  these  operations  are  dependent  upon  the  light  of  the  sun.  It 
hus  been  further  sho^n  that  a  solution  of  chlorophyll  has  a  definite 
absorption  spectrum  when  examined  with  the  spectroscope,  and  that  it 
is  particularly  those  parts  of  the  solar  spectrum  corresponding  to  these 
absorption  bands  which  are  chiefly  active  in  the  decomposition  of  car- 
bonic anhydride,  and  that,  moreover,  the  position  of  the  maximum  absorp- 
tion corresponds  with  the  maximum  of  energy  of  light.  In  the  synthet- 
ical processes  of  the  plant  then,  by  aid  of  its  chlorophyll,  the  radiant 
energy  of  the  sun's  rays  becomes  stored  up  or  rendered  potential  in  the 
products  formed.  The  potential  energy  is  set  free,  or  is  again  made 
kinetic,  when  these  products  simply  by  combustion  produce  heat,  or 
when  they  are  taken  into  the  animal  organism  and  used  as  food  and  to 
produce  heat  and  motion. 

The  influence  of  light  is  not  an  absolute  essential  to  animal  life;  in- 
deed, it  is  said  not  to  increase  the  metabolism  of  animal  tissue  to  any 
extent,  and  the  animal  cell  does  not  receive  its  energy  directly  from  the 
sun's  light,  nor  yet  to  any  extent  from  the  sun's  heat,  but  from  the 
products  formed  by  vegetable  metabolism  supplied  as  food,  either  di- 
rectly, as  in  the  case  of  herbivora,  or  indirectly  in  the  case  of  carniyonk 
The  potential  energy  of  these  food  stufl's  is  set  free  in  the  destnictive 
metabolism  of  the  animal  cell  already  alluded  to.  But  it  must  be  always 
recollected  that  anabolism  is  not  peculiar  to  vegetal)le,  or  katabolism  to 
animal  cells;  both  processes  go  on  in  each,  but  the  chief  function,  as 
far  as  we  know  at  i)resent  of  the  former,  is  to  transform  kinetic  into  po- 
tential energy,  and  of  the  latter  to  render  potential  energy  kinetic,  as 
in  heat,  motion,  and  electricity. 

Witli  reference  to  the  food  of  plants,  it  should  not  be  forgotten  that 
some  of  tlic  lowest  forms  of  vegetable  life,  cfj.,  tlie  bacteria,  will  live 
only  in  a  liiglily  albuminous  medium,  and  in  fact  seem  to  require  for 
their  growth  elements  of  food  stuffs  which  we  shall  see  later  on  are  es- 
sential to  animal  life.  In  their  metabolism,  too,  they  very  closely  ap- 
proximate to  animal  cells,  not  only  requiring  an  atmosphere  of  oxygen, 
but  giving  out  carbonic  anhydride  freely,  and  secreting  and  excreting 
many  very  complicated  nitrogenous  bodies,  as  well  as  forming  proteid, 
carbohydrates,  and  fat,  requiring  heat  but  not  light  for  the  due  perform- 
ance of  their  functions.  It  must  bo  added,  however,  that  certain  bac- 
teria grow  only  in  the  absence  of  o.wgen. 

(3.)  There  is,  commonly,  a  difference  in  general  chemical  composition 
between  vegetables  and  animals,  even  in  their  lowest  forms;  for  associated 
with  the  protoplasm  of  the  former  is  a  considerable  amount  of  cellvlosey 
a  substance  closely  allied  to  starch  and  containing  carbon,  hydrogen,  and 
oxygen  only.     The  presence  of  cellulose  in  animals  is  much  more  rare 
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thao  in  Tegetabtefi»  but  there  are  many  animals  in  wliicb  truces  of  it  may 
be  discovered,  imd  some,  the  Asddians,  in  which  it  is  found  in  consider- 
able quantity.  The  presence  of  sturch  in  veg^etaWe  cells  is  very  charac- 
teristic, thougli^as  we  have  seen  abo\^c,  it  is  not  distinctive,  and  a  sub* 
it^xiott  glycogen,  similar  in  composition  to  starch,  is  very  common  in  the 
organs  and  tissues  of  animals. 

(4.)  Inherent  power  of  movement  is  a  quality  which  we  so  commonly 
consider  an  essential  indication  of  animal  nature,  that  it  is  difficult  at 
first  to  conceive  it  existing  in  any  other.  The  canability  of  simijle  mo- 
tion is  now  known,  however,  to  exist  in  so  many  vegetable  forms,  that 
it  can  no  longer  be  held  as  an  essential  distinction  between  them  and 
animals,  and  ceases  to  be  a  mark  by  which  the  one  cnn  be  distinguished 
from  the  other.  Thus  the  znuspores  of  many  of  the  Cryptogamia  ex- 
hibit ciliary  or  amoeboid  movements  of  a  like  kind  to  those  seen  in 
amcBfhsR;  and  even  among  the  higher  orders  of  phmta,  many,^.^.,  Dionma 
Miucipuia  (Venus's  tly-trap),:Lnd  Mimosa  sejtsrlivti  (Sensitive  plant),  ex- 
hibit such  motion,  either  at  regular  times,  or  on  the  application  of 
ertemal  irritation,  as  might  lend  one,  were  this  fact  taken  by  itself,  to 
le^ard  them  as  sentient  beings.  Inherent  power  of  movement,  then, 
although  especially  characteristic  of  animal  nature,  is,  when  taken  by 
itaelf»  no  proof  of  it 
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THE  FUNCTIONS  OP  ORGANIZED  CELLS. 

As  we  proceed  upward  in  the  scale  of  life  from  unicellular  orgauismB, 
we  find  that  another  phenomenon  is  exhibited  in  the  life  history  of  the 
higher  forms,  namely,  that  of  Development.  An  amoeba  comes  into  be- 
ing derived  from  a  previous  amcebix;  it  manifests  the  properties  and 
performs  the  functions  of  its  life  which  have  been  already  enumerated; 
it  grows,  it  reproduces  itself,  whereby  several  amoebae  result  in  place  of 
one,  nnd  it  dies.  It  cannot  bo  said  to  develop,  however,  unless  the  for- 
mation of  a  nucleus  can  bo  considered  as  an  indication  of  such  a  process. 
In  the  higher  organisms  it  is  different;  they,  indeed,  begin  as  a  single 
cell,  but  this  cell  on  division  and  subdivision  does  not  form  so  many 


Fig.  18.— Trangverae  8<»ctlon  throiisrh  embrvo  cliick  ri?6  hmirR).  a.  F.Dib1a«t;  5,  xn^toblast;  c, 
hyiioblast;  d,  ceutml  portiou  uf  uiesoblost,  which  is  lieru  fused  w1:h  epibUst;  c,  primitivo  grooire; 
/,  doi>iul  ridge.    (Klcio.) 

independent  organisms,  but  produces  the  materiil  from  which,  by  devel- 
opment, the  complete  and  perfect  whole  is  to  be  derived.  Thus,  from 
the  spherical  ovum,  or  germ,  which  forms  the  starting-point  of  animal 
life  and  which  consists  of  a  protoplasmic  cell  with  a  nucleus  and  nucle- 
olus, in  a  comparatively  short  time,  by  the  process  of  segmentation  which 
has  been  already  mentioned,  a  complete  membrane  of  cells,  polyhedral 
in  shape  from  mutual  pressure,  called  the  Blastoderm,  is  formed,  and 
this  speedily  divides  into  two  and  then  into  three  layers,  chiefly  from 
the  rapid  proliferation  of  the  cells  of  the  first  single  layer.  These  layers 
are  called  the  Epiblast,  the  Mesoblast,  and  the  Hypoblast  (fig.  18). 
It  is  found  in  the  further  development  of  the  animal  that  from  each 
of  these  layers  is  produced  a  very  definite  part  of  its  completed  body. 

For  example,  from  the  cells  of  the  epiblast  are  derived,  among  other 
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stmctiires^  the  skin  and  the  central  nervons  system ;  from  the  meBobhist 
is  derived  the  flesh  or  muscles  of  the  botlj,  and  from  the  hypobhist  tha 
epithelium  of  the  alimentary  cuiiul  tind  some  of  tlie  chief  glands,  tmd  so  on. 
It  is  obvious  that  the  tissues  and  organs  so  derived  exhibit  in  a  vary- 
ing degree  the  primary  properties  of  protophiam.  The  muscles,  for 
example,  derived  from  certain  cells  of  the  niesoblast  are  piiriienlarly  eon- 
tmctile  and  respond  to  stimuli  readily,  while  the  cells  of  the  liver, 
although  possibly  contractile  to  a  certain  extent,  have  to  do  chiefly  with 
the  processes  of  nutrition. 

Thiis»  in  development,  we  see  that  as  the  cells  of  the  embryo  in- 
mtMMB  in  number  it  speedily  becomes  necessary  for  the  orgauism  to 
depute  to  different  groops  of  cells,  or  to  their  equivalents  (ue.,  to  the 
tissues  or  organs  to  which  they  give  rise),  special  functions,  so  that  the 
Taxious  functions  which  the  original  cell  may  bo  supposed  to  discharge, 
and  tbe  various  properties  it  maybe  supposed  to  possess,  become  divided 
up  among  various  groups  of  resulting  cells.  The  work  of  cacli  group 
18  specialized.  As  a  result  of  this  division  of  labor,  as  it  may  be  called, 
these  functions  and  properties  are,  as  might  be  expected,  developed  and 
made  more  perfect,  while  the  tissues  and  organs  arising  from  each 
group  of  cells  are  developed  also,  with  a  view  to  the  more  convenient 
and  effective  exercise  ot  their  functions  and  employment  of  their  prop- 
•rtiea. 

In  studying  the  functions  of  tho  human  body  it  is  necessary  fir.^t  of 
aQ  to  know  of  what  it  is  composed,  of  what  tissues  and  organs  it  is  made 
up;  this  can  of  course  only  be  ascertained  by  the  dissection  of  tbe  dead 
l)odj, and  thus  it  conies  thiit  Anatomy  ('iwi7^/i>«j,  to  cut  up)  the  science 
which  treats  of  the  structure  of  organized  bodies,  is  closely  associated 
with  physiology;  so  closely,  indeed,  that  Histology  (ffrti?,  a  web),  which 
is  especially  concerned  with  the  nuTiute  or  microscopic  Btrncturo  of  the 
tiflsaes  and  organs  of  tho  boily,  luid  wliich  is  strictly  speaking  a  depart- 
ment of  anatomy,  is  usually  included  in  works  on  physiology.     There  is 
anch  to  be  said  in  favor  of  such  an  nrrangemcnt,  Finco  it  U  impossible 
to  consider  the  changes  which  take  place  in  any  tissue  during  life, 
tport  from  the  knowledge  of  the  structure  of  tho  tissues  themselves. 
To  understand  tho  structure  of  the  human  body  in  an  intelligent  wii}^ 
much  help  is  obtained  from  the  study  of  llie  structure  of  other  auimals, 
fit>m  tho  lowest  to  the  highest,  which  is  tho  province  of  Comparative 
Anatomy ;  while  Embryology,  which  is  concerned  witli  the  mode  of 
tifipn  of  the  various  tissues  in  tlie  embryo  of  each  animal,  and  wliich  is 
unially  gtudied  at  the  end  of  physiolog}^,  shotdd  from  some  points  of 
TOW  be  considered  as  an  introduction  to  the  subject. 

A  second  important  essential  to  the  right  comprehension  of  the 
changes  which  take  place  in  the  living  organism  is  a  knowledge  of  the 
chcoiical  composition  of  the  body.     Here,  however,  we  can  only  deal 


M  HiJf1>BOOK   OF   PHTSiOLOOT. 

with  the  chemical  composition  of  the  dead  body,  and  it  is  as  weD  at 
ODce  to  admit  that  there  may  be  many  chemical  differences  between 
living  and  not  living  tissues;  but  as  it  is  impossible  to  ascertain  the 
exact  chomicul  composition  of  the  living  tissues,  the  next  best  thing 
which  can  be  done  is  to  find  out  as  much  as  possible  about  the  com- 
position of  the  sumo  tissues  after  they  are  dead.  This  is  the  assistance 
which  the  science  of  Chemistry  can  afford  to  the  physiologist,  and  the 
same  science  is  concerned  with  the  composition  of  the  ingesta  and  egeata, 
as  well  as  with  that  of  the  fluids  of  the  body. 

Having  mastered  the  structure  and  composition  of  the  body,  we  are 
brought  face  to  face  with  physiology  proper,  and  have  to  investigate  the 
vital  changes  which  go  on  iu  the  tissues,  the  various  actions  taking  place 
as  long  as  the  organism  is  ut  work.  The  subject  includes  not  only  the 
observation  of  the  manifest  processes  which  are  continually  taking 
place  in  the  healthy  body,  but  the  conditions  under  which  these  are 
brouglit  about,  the  laws  which  govern  them  and  their  effects. 

Wo  know  from  our  study  of  biology  that  the  cells  of  which  the  tis- 
sues arc  coir  posed  cannot  live  witliout  food,  both  solid  and  liquid.  In 
a  complicated  organism  like  the  body  of  man,  the  tissues  cannot  supply 
tlieniselves  with  food  directly  like  the  amo'ba,  and  so  it  comes  that  the 
various  tissues  are  furnished  with  what  they  require  by  means  of  a 
fluid,  the  bloody  which  is  carried  to  them  in  tubes  or  canals,  the  blooii- 
vessels,  which  are  distributed  to  every  region  of  the  body.  In  order  that 
the  blood  shall  reach  all  parts,  the  system  of  vessels  in  which  it  is  con- 
tained is  supplied  with  u  ceutnil  pumping  organ,  the  hearf.  Then  we 
find  that  as  the  oxygen,  which  is  one  of  the  requisites  of  the  life  of  the 
tissues,  and  which  is  carried  to  tlie  tissues  by  the  blood,  is  used  up,  a 
special  means  is  provided  hy  rcspiraiinn.  or  breathing,  by  means  of 
which  the  blood  is  exposed  to  a  new  supply  of  oxygen  of  the  air,  which 
is  taken  iiito  special  organs,  the  lunt/s,  for  the  i)uri)ose,  and  which  at 
the  same  time  allows  of  the  elimination  of  the  carbonic  anhydride  the 
blood  conveys  from  the  tissues.  Then  again,  as  the  solid  food  for  the 
tissues  cannot  be  conveyed  in  tlie  blood  in  the  exact  form  in  which  it  is 
introduced  into  the  body,  a  special  and  complicated  apparatus  is  pro- 
vided, that  of  difjcsfiofi,  by  means  of  which  tlie  necessary  changes  arc 
brought  about  in  the  food.  The  digested  food  is  then  absorbed  and 
carried  to  the  blood,  either  directly  with  little  further  change  by  means 
of  another  system  of  vessels  in  connection  with  the  blood-vessels,  the 
lymphatic  irsseJs,  or  after  passing  through  a  special  organ  or  gland,  the 
UvfTy  by  means  of  which  some  further  changes  take  place.  In  the 
digestive  apparatus  wo  have  the  organs,  the  stomach  and  intestines,  into 
which  the  food  is  received  for  the  purpose  of  being  acted  upon  by  cer- 
tain chemical  agents,  of  which  ferments,  bodies  which  are  capable  of 
setting  up  profound  changes  in  other  bodies  without  themselves  under- 
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ogcbADge»  are  the  most  important;  there  is  added  the  appftratns  by 

peaua  of  which  the  altered  food  stuffs  are  absorbed  or  reach  the  two 

sterns  of  blood-Tessels  already  meBtioned,  and  a  mnscular  apparatus 

Diitained  in  the  walls  of  the  iotestiual  tube  by  means  of  which  that 
part  of  the  food  which  is  not  fit  for  absorption  is  removed  from  tho 
My.  In  addition  to  this  excretory  apparatus  we  have  another,  tho 
iidnet/s,  which  are  concerned  with  the  removal  of  certain  substances 
from  the  blood  which  have  served  their  purpose  in  the  economy. 

Then  we  have  the  mum-ular  ^ijntem^  which  by  its  special  power  of 
contraction  is  capable  of  bringing  about  all  the  movements  of  the  body 
—those  of  the  frarae»  the  head,  arms,  legs,  etc.,  as  well  as  those  of  the 
heart,  the  vessels,  the  alimentary  canal,  and  the  like.  The  nervous  sys- 
tm,  by  tho  aid  of  which  the  processes  of  the  living  body  may  be  regu- 
Utetl  and  controlled.  Lastly,  we  have  a  special  system— that  of  the 
fiMtaiim  stysievi,  by  means  of  which  the  reproduction  of  the  species 
may  take  place. 

To  these  subjects,  the  merest  outline  of  which  has  been  here 
iketehed,  our  attention  has  to  be  given  in  the  succeeding  chupters,  but 
it  may  be  well  to  mention  as  a  preliniinary  that  the  information  about 
them  which  we  havo  at  our  disposal  lias  been  derived  from  many  sources, 
the  chief  of  which  are  as  follows: — 

(1.)  From  actual  observation  of  the  various  phenomena  occurring  in 
the  human  body  from  day  to  day,  and  from  hour  to  hour,  as,  for  exam- 
ple, the  estimation  of  the  amount  and  composition  of  the  ingesta  and 
cgesta,  the  respiration,  the  beat  of  the  heart,  and  the  like; 

(2.)  From  observations  upon  other  animals,  the  bodies  of  which  we 
are  taught  by  comparative  anatomy  approximate  to  the  human  body 
ia  structure: 

(3.)  From  observations  of  the  changes  produced  by  experiment  upon 
Aa  various  processes  in  such  animals; 

(4.)  From  observations  of  the  changes  in  the  working  of  the  human 
body  produced  by  disease; 

(5.)  From  observations  upon  the  gradual  changes  which  take  place 
ill  the  functions  of  organs  when  watched  in  the  embryo  from  their 
fiurliest  begin oinga  to  their  completed  development. 

In  accordance  with  the  plan  sketched  out  above,  the  next  chapter 
•ifl  be  devoted  to  a  consitleration  of  the  minute  structure  of  the  ele- 
mentary tissues,  and  the  one  after  that  to  a  preliminary  account  of  the 
chemical  composition  of  the  body*  These  two  chapters  will  serve  as  an 
iutroduolion  to  the  study  of  the  problems  of  physiology  proper,  which 
irill  be  commenced  in  Chapter  V. 


CHAPTER  III. 

THE  STRUCTURE  OF  THE  ELEMENTARY  TISSUES. 

The  careful  examination  of  the  minute  an:itomy  of  the  body  has 
shown  that  there  are  certiiin  elementary  structures,  of  which,  alone  or 
when  combined  in  varying  proportions,  the  whole  of  the  organs  and 
tissues  of  the  body  are  made  up.  These  Elementjiry  Tissues  are  four 
in  number,  called :  (I.)  The  Epithelial;  (2.)  The  Connective;  (3.)  The 
Muffculary  and  (4.)  The  Nervous,  To  tl)ese  four,  some  would  add  a  fifth, 
looking  upon  the  Blood  and  Lymph,  containing,  as  they  do,  formed 
elements  in  a  fluid  menstruum,  as  a  distinct  tissue. 

All  of  tliese  elementary  tissues  consist  of  cells  and  of  their  r.ltered 
equivalents.  It  will  be  as  well  therefore  to  indicate  some  of  the  differ- 
ences between  the  cells  of  the  body.  They  are  named  in  various  ways, 
according  to  their  shape,  situatiu?i,  contents,  origin,  fiwd  functions, 

(a,)  From  their  shape,  cells  are  called  spherical  or  spheroidal,  which 
is  the  typical  shiipe  oi  the  free  cell;  this  may  be  altered  to  polyhedral 
when  the  pressure  on  the  cells  in  all  directions  is  nearly  the  Siime;  of 
this  the  primitive  sogmcnti;tion  cells  afford  an  example.  The  discoid 
form  is  seen  in  blood-corpuscles,  and  the  scale-like  form  in  superficial 
epithelial  cells.  Some  cells  have  a  jagged  outline  and  are  then  called 
prickle  cells.  Cells  of  ci/lindrical,  conical,  or  prisjnatic  form  occur  in 
various  places  in  the  body.  Such  cells  may  taper  off  at  one  or  both 
ends  into  fine  processes,  in  the  former  c::se  being  caudate^  in  the  latter 
fusiform.  They  may  be  greatly  elongated  so  as  to  become  fibres.  Cells 
with  hair-like  processes,  or  cilia,  projecting  from  their  free  surfaces,  are 
a  special  variety.  The  cilia  vary  greatly  in  size,  and  may  even  exceed 
in  length  the  cell  itself.  Finally,  cells  may  be  branched  or  stellate  with 
long  outstanding  processes. 

(h.)  From  their  situation  cells  may  be  called  //-^^  as  in  the  blood, 
or  combined^  when  connected  together  or  with  other  elements  to  form 
organs  and  tissues. 

(r.)  From  their  contents  cells  are  called,  when  continuing  fat  for 
example, /«/  cells  :  when  containing  pigment,  pigment  cells,  etc. 

(d.)  From  their  function  cells  are  Ciilled  secretin^,  protective,  sensi-- 
tive,  contractile,  and  the  like. 

(e.)  From  their  origin  cells  are  called  ejnblastic  and  mesoblastic  and 
hypoblast  ic. 
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Modes  of  Connection.— Cells  are  connected  together   to  form 
times  in  Viirioua  ways. 

(1.)  By  mean  of  a  cementing  intercellular  substance.     This  is  proV 

iblj always  present  as  a  transparent,  colorless,  viscid,  albuiiriiious  snb- 

itauce,  even  between  the  closely  apposed  cells  of  epitbeliom,  while  in 

tbecaee  of  cartUage  it  forms  the  main  bulk  of  the  tissue,  and  the  cells 

only  appear  as  imbedded  in,  not  as  cemented  together  by»  tlie  intercel- 

luUr  sabstanee.     This  intercellulur  substance  may  be  either  homogene- 

oaa  or  fibrillated.     In  many  cases  (e.^.,  the  cornea)  it  can  be  shown  to 

contain  a  number  of  irregular  branched  cavities,  which  conimuniciUo 

tith  each  other,  and  in  whicli  branched  cells  lie:  through  these  hranclj- 

]Bg  spaces  nutritive  fluids  can  find  their  way  into  the  very  remotest 

porta  of  a  non-vusculur  tissue. 

As  a  special  variety  of  intercellular  substance  must  be  mentioned  the 
btsemeDt  membrane  {mcmbrana  propria)  whicli  is  found  iX  the  hiso  of 
the  epithelial  cells  iu  most  mucous  menihnmcjs,  and  especially  us  an 
investing  tunic  of  ghind  follicles  which  determines  their  shupc,  iind 
fUch  may  persiat  as  a  hyaline  saccule  after  the  gLnd  cells  have  all 
ken  discharged* 

(2.)  By  anastomosis  of  their  processes.  This  is  the  usual  \\ay  in 
which  stellate  cells,  e.g,  of  the  cornea,  arc  united:  the  individuality  of 
each  cell  is  thus  to  a  great  extent  lost  by  its  connection  with  its  neigli- 
ixtrsto  form  a  reticulum:  as  an  exuniple  of  a  network  so  produced  we 
may  cite  the  stroma  of  lymphatic  glands. 

Sometimes  the  branched  processes  breaking  up  into  a  maze  of 
minute  fibrils,  adjoining  cells  are  connected  by  an  intermediate  reticu- 
lam:  this  is  the  case  in  the  nerve  cells  of  the  spinal  cord. 

Derived  Tissue-elements,  — Besides  the  Cell,  which  may  be  termed 
tbe  primary  tissue-element,  there  are  materials  which  may  be  termed 
■eeondary  or  derived  tissue-elements.  Such  are  Intercellular  substance^ 
Fibres^  and  Tubules, 

a,  InterceUulfir  subsinnce  is  probably  in  all  cases  directly  derived 
from  the  cells  themselves.  In  some  cases  {e.g,  cartiliige)^  by  the  use  of 
reri gents  the  cementing  intercellular  substance  is,  as  it  were,  analyzed 
into  various  masses,  each  arranged  in  concentric  layers  around  a  cell  or 
^up  of  cells,  from  which  it  was  probably  derived* 

fi,  Hin-is,  In  the  case  of  the  crystalline  lens,  and  of  muscle  both 
itriated  and  non-striated,  each  fibre  is  simply  a  metamorphosed  cell:  in 
the  case  of  a  striped  fibre,  the  elongation  being  accompanied  by  a  mul- 
tiplicfttion  of  the  nuclei.  Tiie  various  fibres  and  fibrilloa  of  connective 
itKQe  result  from  a  gradual  transformation  of  an  originally  homogene- 
oua  intercellular  substance.  Fibres  thus  formed  may  undergo  great 
chemical  as  well  as  physical  transformation :  this  is  notably  the  case 
rith  yellow  elastic  tissue^  in  which  the  sharply  defined  elastic  fibres, 


mk 


M  HANDBOOK  OF   PHTSiOLOOT. 

possessing  great  power  of  resistance  to  reagents,  contrast  strikingly 
with  the  homogeneous  matter  from  which  they  are  derived. 

r.  Tubules,  such  as  the  capillary  blood-vessels,  which  were  originally 
supposed  to  consist  of  a  structureless  membrane,  have  now  been  proved 
to  be  composed  of  fiat,  thin  cells,  cohering  along  their  edges. 

Decay  and  Death  of  Cells.— There  are  two  chief  ways  in  which  the 
oomparatively  brief  existence  of  cells  is  brought  to  an  end.  (1)  Mechan- 
ical abrasion,  (2)  Chemical  transformation. 

1.  The  various  epithelid  furnish  abundant  examples  of  mechanical 
abrasion.  As  it  approaches  the  free  surface,  the  cell  becomes  more  and 
more  flattened  and  scaly  in  form  and  more  horny  in  consistency,  till  at 
length  it  is  simply  rubbed  off  as  in  the  epidermis.  Hence  we  find  epi- 
thelial cells  in  the  mucus  of  the  mouth,  intestine,  and  genito-urinary 
tract. 

2.  In  the  case  of  chemical  transformation  the  cell-contents  undergo 
a  degeneration  which,  though  it  may  bo  pathological,  is  very  often  a 
normal  process. 

Thus  we  have  (a)  fatty  metamorpliosis  producing  oil-globules  in  the 
secretion  of  milk,  fatty  degeneration  of  the  muscular  fibres  of  the  uterus 
after  the  birth  of  the  foetus,  and  of  the  colls  of  the  Graafian  follicle 
giving  rise  to  the  "corpus  luteum/'  (b)  Pxumeiitnry  defeneration  from 
deposit  of  pigment,  ejj.  in  the  epithelium  of  the  air  vesicles  of  the  lungs, 
(c)  Calcareous  degeneration,  which  is  common  in  the  cells  of  many 
cartilages. 

I.  The  Epithelial  Tissues. 

The  term  epithelium  is  applied  to  the  cells  covering  the  skin,  the 
mucous  and  serous  membranes,  and  to  those  forming  a  lining  to  other 
parts  of  the  body  as  well  as  entering  into  the  formation  of  glands.  For 
example: — 

Epithelium  clothes  (1)  the  whole  exterior  surface  of  the  body,  form- 
ing the  epidermis  with  its  appendages— nails  and  hairs;  becoming  con- 
tinuous at  the  chief  orifices  of  the  body — nose,  mouth,  anus,  and  urethra 
— with  the  (2)  epithelium  which  lines  the  whole  length  of  the  (:^)  respi- 
ratory, alimentary,  and  genito-urinary  tracts,  together  with  the  ducts  of 
their  various  glands.  Epithelium  also  lines  the  cavities  of  (4)  the  brain 
and  the  central  canal  of  the  spinal  cord,  (5)  the  serous  and  synovial 
membranes,  and  (G)  the  interior  of  all  blood-vessels  and  lymphatics. 

Epithelial  cells  possess  an  intracellular  and  an  intranuclear  network 
(p.  9  and  10).  When  combined  together  to  form  a  tissue,  they  are  held 
together  by  a  clear,  albuminous,  cement-substance,  scanty  in  amount. 
The  viscid  semi-fiuid  consistency  both  of  cells  and  intercellular  sub- 
stance permits  such  changes  of  shape  and  arrangement  in  the  individual 
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mUi  u  are  necessary  if  the  epitlieJium  is  to  maiDtaiii  its  integrity  id 
oigsBa  the  area  of  whose  tree  surface!  is  so  coDstuDily  eiiuuging,  us  the 
itomucb,  lungs,  eic.  Thus,  if  tbere  be  but  a  single  layer  of  cells,  as  in 
the  epithelium  lining  the  uir  vesicles  of  tlie  lungs,  the  stretching  of  this 
lembraue  causes  such  a  thinning  out  of  the  cells  that  they  chuDge 
flieir  shape  from  apberoidal  or  short  columnar,  to  squamous,  and  vice 
ttrtd^  when  the  membrane  shrinks. 

Epitheliiil  tissues  are  non-vascular,  tliat  is  to  say,  do  not  contain 
blood-vessels,  but  iu  some  varieties  minute  channels  exist  between  the 
oellsaf  certain  layers  through  which  they  may  be  supplied  with  noiir- 
iibment  from  the  subjacent  blood-vessels.  Nerve  fibres  are  supplied  to 
the  cells  of  many  epithclia. 

Epitheliiil  tissue  is  classified  according  as  the  cells  composing  it  are 
arranged  in  a  single  layer  \^hen  it  is  simple^  or  in  several  layers  when  it 
hciUed  stratified  or  Uiminnted^  qt  in  two  or  three  layers  occupying  a 
position  between  the  other  two  forms,  when  it  is  termed  tranaitionah 
Of  eaeh  form,  when  there  are  several  varieties,  they  are  named  accord- 
ing to  the  shape  of  the  cells  composing  it. 

Classification  of  Epithelium. 

(a)  Simple.— (1.)  Squamous,  scaly,  pavement,  or  tessellated;  (%,) 
Spheroidul  or  ghmdular:  (3,)  Columnar,  cylindrical,  conical  or  goblet- 
ibaped;  (1.)  Ciliated. 

(b)  Transitional. 

(c)  Stratified. 

(a)  Simple  Epithelium. 

Squamous  Epif helium,— This  form  of  epithelium  is  found  arranged 
is  a  single  layer  of  flattened  cells,  as  (a)  the  pigmentary  layer  of  the 
retina,  and  forms  tlie  lining  of  (b)  the  interior  of  the  serous  and  syno- 
TUsl  sacs,  (c)  the  alveoli  of  the  lungs,  and  {d)  of  the  heart,  blood-  and 
ijmph- Vessel 8.  It  consists  of  cells,  which  are  flattened  and  scaly,  with 
a  more  or  less  irregular  outline. 

In  the  pigment  colls  *)f  the  retina  there  is  a  deposit  of  pigment  in 
the  cell-substance.  This  pigment  consists  of  minute  molecules  of  a 
Colored  substance,  melanin^  imbedded  in  the  cell-substance  and  almost 
concealing  the  nacleus,  which  is  itself  transparent. 

In  white  rabbits  and  other  albino  animals,  in  which  the  pigment  of 
tb©  eye  is  absent,  this  layer  is  found  to  consist  of  colorless  pavement 

•helial  cells. 

squamous  epithelium  which  is  found  as  a  single  layer  lining  the 
Wtrus  membranes,  and  the  interior  of  blood-  and  lymphatic- vessels,  is 
famti^y  called  by  a  distiBct  name — Endothelium. 
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stance.  H 

It  ie  fouBd  that  wbeii  mr 
Email  portioD  of  a  perfectly 
fresh   eerons  membrane  for 
example   (fig.    20),     is  im- 
merfled  for  a  few  minutes  in 
a  solution  of  Bilver  iiitrate^| 
and  exposed  to  the  action  of 
light,    the  silver  is  precipi- 
tated  in  some  form  in  tbiH 
intercellular     rement    sub- 
Btance,  and  the  cndotheliaJ 
cells  are  thus   mapped   oo^| 
by  fioc,  dark,  and  generally 
Binuonfi  Hnes  of  extreme  delicacy.     The  cells  vary  in  size  and  shape,  and 
are  afi  a  rulu  irregular  in  outline;  those  lining  the  interior  of  bloo4' 
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Fig.  19.— Pigmrnt^^i  epitlielial  wUs  froui  Xlm  retioa. 
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Fir.  -*<»  —  A  p1w«?  of  the  omentum  of  acAt,  fitain4>^d  in  Filrpr  nttrafe.    X  100.    The  ttf»ue  fortuisd 
tf^/Mhat  Is  to  Hiy,  one  xi^hidi  Is  styddetl  h  jtli  hi»It»»  or  windows.    In  ttf 
I  lis  ^Hu<«  and  BUtii,  kttvinK  tmbt^  mhv.  Ww  lasJK  of  which  i!«  rlbrouH  vumm. 

'{  iiioussiies  &tid  are  oovt^riil  witii  en<ii>The]tnJ  c^el^  die  nuclei  tjf  v,bk-h  ha 

iM^n  nmiie  cvidrtkt  iiy  ^itjiufiiini^  with  hiBiuiUoxyllD  after  tiio  stiver  aitmto  hioA  outiini^  \^t 
staioiiiif  tij«  luterceliultir  sulistiuictv,    (V.  D.  Uarvls^j 

vessels  and  lymphatics  being  spindle-sboped  with  a  very  wavy  outline 
They  inclose  a  clear*  oval  nucleus,  which,  when  the  cell  is  viewed  ii 
profile,  is  seen  to  project  from  its  surface.  The  nuclei  are  not  boweve 
evident  unless  the  tissne  which  has  been  already  stained  in  silver  nitrate 
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is  placed  in  another  dye.  such  as  hsBmatoxylin,  which  has  the  property 
of  selecting  and  staining  its  nuclei. 

Eiidotheliiil  cells  in  certnin  situations  may  be  ciliated,  e,g,,  thoee  of 
the  mesentery  of  the  frog,  especially  dnring  the  breeding  season. 


■^} 


I^S.r->4b(1oinmiil  surface  of  central  e«nidi>n  of  tbe  dliiphrajTrn  tif  mbblt,  fi,hr>wiii|t'  ihe  psneraJ 
|toiir)^jfm]  shape  of  tbt^  eDrlnUit^lia)  c^lb>:  eadi  cell  te  nucleate<l.    ( KUui.)     x  i-MNJ. 

Besides  the  ordinary  endothelial  cells  above  described,  there  are 
fouiici  on  the  omentum  Jind  psirts  of  tlie  pleuru  of  niuny  JiiiinmlH,  little 
bad-like  processes  or  nodules,  consisting  of  small  polyhednil  griiiHilur 
ceHfi,  rounded  on  their  free  surface,  which  huvo  multiplied  very  rapidly 
^T  division  (figs.  *^2  and  2:]).  These  coiistitntc  what  is  known  as  rfpr- 
mnatintj  endoi helium.  The  process  nf  germination  doubtless  goes  on 
in  health,  and  the  small  cells  which  are  thrown  ui!  in  succession  are 


t. — ftriUmtfikl  surface  of  n  pnrilnn  of  the  septum  of  Mie  Biroat  l>'iin«h-Raes  of  frof ,    The 
m«  of  which  are  open,  gome  C4illap«te<l.  are  surnjyDdt^d  by  eDdoth<?lin)  tf  lis.    {ICIehiJ 

CsuTted  into  the  lymphatics  and  contribute  to  the  number  of  the  lymph 
eorpaseleg.  The  hiuls  may  be  enormotisly  increased  both  in  number 
and  size  in  certain  diseased  conditions. 

On  those  portions  of  the  peritoneum  and  other  serous  membranes  in 
irliich  lymphatics  abound  apertures  (fig.  22)  are  found  surroniided  by 
muill^  more  or  less  cubical,  cells.  These  iipertures  are  eiilled  siornnia, 
Tbey  are  particularly  well  seen  in  the  anterior  wall  of  the  great  lymph 
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sac  of  the  frog  (fig.  22),  and  in  the  omentam  of  the  rabbit    These 
really  the  open  mouths  of  lymphatic  yessels  or  spaoes,  and  thron^J 


FifT.  *^.— A  portion  of  thfe  in*eat  omentum  of  rlosr.  which  pbo«-8,  amonj;;:  the  flat  eDdothelium  of 
the  surf  act*,  small  and  large  groups  of  icerminatine  endothelium  between  which  are  many  stomata. 
(Klein.)     X  3U0.  *  ** 

them  lymph-corpuscles  and  the  serous  fluid  from  the  serous  cavity  pass 
into  the  lymphatic  system.  They  should  be  distinguished  from  smaller 
and  more  numerous  apertures  between  the  cells  which  are  not  lined  by 


FiK.  24. 


Fig.  25. 


Fig.  a4.— A  small  piece  of  the  liver  of  the  horse.    (Cadiat.) 

Fig.  a^.— Glandular  epithelium.    Small  lobule  of  a  mucous  gland  of  the  tongue,  showincr  nu- 
cleated glandular  cells,     x  5iOO.    (V.  1).  Harris.) 

small  cells,  although  the  surrounding  cells  seem  to  radiate  from  them, 
filled  up  by  intercellular  substance  or  by  processes  of  the  cells  under- 
neath.    These  are  called  pseudO'.^fnwrjffr  (fig.  23). 
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In  the  neigbborhood  of  the  stomata  the  cells  often  manifest  indica- 
tioni  of  germinuting.     They  may  be  either  huge  witii  two  or  more 

icki,  or  ubont  half  the  size  of  the  geiiemlity  of  cells.     GermiDating 

lis  of  this  kind  or  of  the  kind  above  described,  are  generally  very 

Diilar. 

Spheroidal  or  glandular  epithelium  forras  the  active  secreting  agent* 
Id  the  glands,  the  cells  are  usn ally  spheroidal,  but  may  bo  polvljedral 
irominQtual  pressure,  or  even  columnar;  their  protoplasm  is  generally 
tccnpied  by  the  materials  which  the  gland  secretes. 

Eiamples  of  glanduhir  epithelium  are  to  be  fonnd  in  the  liver  (fig, 
$4),  in  the  secreting  tubes  of  the  kidney,  and  in  the  salivary  (fig.  l*5) 
liid  gastric  glands. 

Columnar  epithdium  (fig*  28,  a  and  6)  as  a  single  layer  lines  (a.)  the 

OQs  membrane  of  the  stomach  and  intestines,  from  the   cardiac 


Fig.  3ft.  Fig.  27. 

fic; 9,— ColtrniDAT  cpitbell&l  cells  from  th«  tntestioal  i^ucoiia  membrfLtM)  of  a  eat.    outd  6, 
ImU  ceilftof  the  lowest  myer;  c,  ^uperticiul  layer;  d,  ^ohtet  c«1In.    (Codtnt.) 
1%,  J7.— Gobltft  cells.    CK]dD,> 

odficeof  tbe  stomach  to  the  anus,  and  (b.)  wholly  or  in  part  the  ducts 
of  ihe  glands  opening  on  its  free  surface;  also  (c.)  many  gland-ducts  in 
oili-  1^  of  the  body,  <?.^,,  mammary,  sfili vary,  etc. 

<  :r  epithtjlitim  consists  of  cells  which  are  cylindrical  or  pris- 

ffintic  in  form  containing  a  large  oval  nucleus.  They  vary  in  size  and 
ilw  to  a  certain  extent  in  shape;  the  oiitlino  is  often  jagged  and  irreg- 
f^  Itiym  pressure  of  neighboring  cells,  but  one  end  of  tbe  cell  is  always 
MTTOwer  than  the  other*  and  by  this  narrower  end  the  cell  is  as  a  rule 
•tliehed  to  the  membruno  beneath.  The  intracellular  and  intranuclear 
networks  are  well  developed,  and  in  some  cases  the  sjiongioplaBm  is 
amnged  in  rods  or  longitudinal  strias  at  one  part  of  the  cell,  generally 
the  attached  border,  as  in  some  of  the  cells  of  the  ducts  of  salivary 
fUnds. 

This  may  also  be  the  case  with  the  columnar  epithelial  cells  of  tbe 
Aliment :iry  cunal  which  possess  an  apparently  structureless  layer  on 
llidr  free  surface:  such  a  hiyer,  appearing  striated  when  viewed  in  seo- 
tioD,  is  termed  the  "striated  basdar  border"  (fig.  :^S,  e), 

Tbe  protoplaism  of  columnar  cells  may  be  vacuolated  and  may  alao 
i9 
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contain  fat  or  other  substances,  of  which  the  most  likely  is  mucin  o7 
its  antecedent  mucigen,  to  be  seen  in  the  form  of  granules.     It  is  to  tl»« 
presence  of  mucin  that  a  curious  transformation  which  columnar  cells 
may  undergo  is  due,  and  from  which   the  alteration  in  their  shap^ 
wliereby  "  goblet-cells  "  are  produced  (ilg.  27)  arises.     These  altered  cells 
«re  hardly  ever  evident  in  a  perfectly  fresh  specimen;  but  if  such  » 
specimen  be  watched  for  some  time,  little  knobs  are  seen  gradually  to 
appear  on  the  free  surface  of  the  e])ithelium  and  are  finally  detached ; 
these  consist  of  the  cell-contents  which  are  discharged  by  the  open 
mouth  of  the  goblet,  leaving  the  nucleus  surrounded  by  the  remains  of 
the  protoplasm  in  its  narrow  stem. 

This  transformation  is  a  normal  process  which  is  continually  going^ 
on  during  life,  the  discharged  cell-contents  contributing  to  lorm  mucus. 


FIjf.  28— Cross  section  of  a  villus  of  the  intestine,  e,  Ooluinnar  epItheUum  with  striated 
border;  g.  jfo»»let  rell.  uith  its  niuons  partly  extruded:  I,  lyuiph-corpusoies  between  iheep-- 
thelial  cells;  b,  basement  meinbrHne;  c,  sections  of  blood  capillaries;  m,  section  of  plain  muscle 
fibres;  c.  /,  central  lacteal.     (ScliHfer.) 

the  cells  themsolvos  being  supposed  in  many  cases  after  discharge  to 
recover  their  original  shape. 

Cilia  fed  epitlivJium  consists  of  cells  which  are  generally  cylindrical 
in  form  (ligs.  *^0,  30),  but  may  bo  spheroidal  or  even  almost  squamous. 

This  form  of  epithelium  lines— (a.)  the  mucous  membrane  of  the 
respiratory  tniot  beginning  just  beyond  the  nasal  aperture  and  com- 
pletely covering  the  nasal  p:iss;iges,  except  the  upper  part  to  which  the 
olfactory  nerve  is  distributed,  and  also  the  sinuses  and  ducts  in  connec- 
tion with  it  and  the  lachrymal  sac;  the  upper  surface  of  the  soft  palate 
and  the  njiso-pharynx,  the  Eustachian  tube  and  tympanum,  the  larynx, 
except  over  the  vocal  cords,  to  tlie  finest  subdivisions  of  the  bronchi. 
In  part  of  this  tract,  however,  the  epithelium  is  in  several  layers,  of 
which  only  the  most  superficial  is  ciliated,  so  that  it  should  more  accu- 
rately be  termed  transitional  (p.  37)  or  stratified,  (b.)  Some  portions 
of  the  generative  apparatus  in  the  male,  viz.,  lining  the  "  vasa  efferentia* 
of  the  testicle,  and  their  prolongations  as  far  as  the  lower  end  of  the 
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epMidymb ;  in  the  female  (c,)  commencing  about  the  middle  of  the 
ticck  of  the  utenis,  and  exteuding  throughuut  the  uteruB  and  Fallopian 
labes  to  their  timhriutud  extremities,  and  even  for  a  short  distance  on 
the  perituneai  surface  of  the  latter,  (d.)  Tlie  ventrielea  of  the  bmin 
and  the  central  cunal  of  the  fipimil  cord  are  clothed  with  ciliated  epithe- 
linmin  the  child,  but  in  the  adult  this  epitiieliuiu  isi  limited  to  the 
cejitrul  canal  of  the  cord.  In  the  embryo  the  pharynx,  u3aophagus,  and 
part  of  the  stomach  may  also  be  lined  with  ciliated  celk.  (e,)  The  ex- 
cretory ducts  of  certain  small  glands  in  ditltTent  localities.  (L)  In 
certain  animals,  especially  the  lower  vertebrates,  ciliated  cells  line  the 
heginning  of  the  tubes  of  the  kidneys. 

The  Cilia  are  fine  hair-like  processes  which  give  the  name  to  this 
Tviety  of  epithelium;  they  vary  a  good  deal  in  &iie  in  different  classes 


m  1» 


Fl|f,». 


FiK.  30. 


UK*  A^— SpherolfUl  clUated  cellx  froin  Ihe  mouth  of  tb*t  fro^.    x  90O  r1lamet«rs.    f  Sborpeiv.) 
Pii- •!,— Oliftted  epitheUuiii  fruiu  tUo  Uumiui  tracheu.  a, l*arge,  fully  fyrmtfdcelL  6.  Shorter 
OH;  c  dtftetopJDg  cells  with  more  tluui  one  nucleua.    (Cadiac.) 

of  animals,  being  very  much  smaller  in  the  higher  than  among  the 
Hr  orders,  in  which  they  sometimes  exceed  in  length  the  cell  itself, 
be  number  of  cilia  on  any  one  cell  ranges  from  ten  to  thirty,  and 
iittached  to  the  same  cell  are  often  of  different  lengths,  in  the 
an  trachea  measuring  ^^  to  ^-^  of  an  inch,  but  nearly  ten  times 
I  tilt  length  iu  the  ceils  of  the  epididymis. 

Tlio  cilia  themselves  are  fine  rounded  or  flattened  processes,  appar- 

I  «ctJy  homogeneous,  pointed  toward  their  free  extremities.     According 

to  some  observers  these  processes  are  connected  through  intervening 

knoVlike  junctions  with  longitudinal  fibres  which   pass  to  the  other 

I  «nd  of  the  cell,  but  w^hich  are  not  connected  with  the  nucleus. 

When  living  ciliated  epithelium,  e.fj,^  from  the  gill  of  a  mussel,  or 
I  enter,  or  from  the  mouth  of  the  frog,  or  from  a  scraping  from  u  polypus 
)  from  the  human  nose,  is  examined  under  the  microscope  in  a  drop  of 
[Hper  cent  solution  of  common  salt  {normal  saline  soiuiion),  ihe  cilia 
en  to  be  in  constant  rapid  motion,  each  cilium  being  fixed  at  one 
rtnd  swinging  or  lashing  to  and  fro.     The  general  impression  given 
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to  the  eye  of  the  ohsenrer  is  Tory  similar  to  that  produced  hy  waves  u 
field  of  corn,  or  swiftly  ruDning  and  rippling  water,  and  the  result 
their  movement  is  to  produce  a  continuous  current  in  a  definite  dip 
tion,  and  this  direction  is  invariably  the  same  on  the  same  sorfb 
being  always^  in  the  case  of  a  cavity,  toward  its  external  orifice. 

Ciliary  Motion.— Ciliary,  which  is  closely  allied  to  amoeboid  a: 
muscular  motion^  is  alike  independent  of  the  will,  of  the  dire 
influence  of  the  nervous  system,  and  of  muscular  contraction.  It  m 
coutiune  for  several  hours  after  death  or  removal  from  the  body,  pi 
vided  the  portion  of  tissue  under  examination  be  kept  moist.  Its  ind 
pendenco  of  the  nervous  system  is  shown  also  in  its  occurrence 
the  lowest  iuvertebrcte  animals  apparently  unprovided  with  anythii 
analogous  to  a  nervous  system,  in  its  persistence  in  animals  killed  1 
prnssic  acid,  by  narcotic  or  other  poisons,  and  after  the  direct  applic 
tion  of  narcotics,  such  as  morphia,  opium,  and  belladonna,  to  tl 
ciliary  surface,  or  of  electricity  through  it.  The  vapor  of  chlorofor 
arrests  the  motion;  but  it  is  renewed  on  the  discontinuance  of  t] 
application.  The  movement  ceases  when  the  cilia  are  deprived 
oxygen,  although  it  may  continue  for  a  time  in  the  absence  of  fr 
oxygen,  but  is  revived  on  the  admission  of  this  gas.  Carbonic  ac 
stops  the  movement.  The  contact  of  various  substances,  e.ff.,  bile,  stror 
acids,  and  alkalies,  will  stop  the  motion  altogether;  but  this  seems 
depend  chiefly  on  destruction  of  the  delicate  substance  of  which  tl 
cilia  are  composed.  Temperatures  above  45°  C.  and  below  0°  C.  stt 
tlio  movement,  whereas  moderate  heat  and  dilute  alkalies  are  favorab 
to  the  action  and  revive  the  movement  after  temporary  cessation.  Tl 
exact  explanation  of  ciliary  movement  is  not  known;  whatever  may  1 
the  exact  cause,  however,  at  any  rate  the  movement  must  depend  upo 
some  changes  going  on  in  the  cell  to  which  the  cilia  are  attached,  i 
when  the  latter  are  cut  off  from  the  cell  the  movement  ceases,  and  whc 
severed  so  that  a  portion  of  the  cilia  are  left  attached  to  the  cell,  tl 
attached  and  not  the  severed  portions  continue  the  movement.  Son 
authorities  consider  it  duo  to  actual  contraction  of  the  cilia  themselvei 
others  assert  that  it  is  caused  by  movements  in  the  cell  protoplasm  actin 
upon  tlie  rootlets  of  the  cilia.  Schiifer  suggests  a  very  plausible  ei 
planation,  viz.,  that  a  ciliuni  is  either  a  curved  hollow  extension  of  tl 
cell,  which  is  filled  by  hyaloplasm  and  invested  hy  a  delicate  membran< 
or  else  a  straight  one  whoso  investing  membrane  is  thicker  (or  otherwii 
less  extensible)  along  one  side  than  along  tlie  other.  In  either  case 
rhythmic  flowing  of  the  hyaloplasm  into  and  out  of  the  cilium  wonl 
cause  its  alternate  flexion  and  extension. 

As  a  special  subdivision  of  ciliary  action  may  be  mentioned  the  motio 
of  spermatozoa,  which  may  be  regarded  as  cells  with  a  single  cilium. 
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(b)  Transitional  Epithelium. 

This  term  has  been  applied  to  cells,  which  nra  ncitlier  armnged  in  n 
single  layer,  as  ia  the  case  with  simple  epithelium,  nor  yet  in  mtiny 
superimposed  strata  aa  in  Liraiutted;  in  uther  words,  it  is  emijlojed 
fhen  epithelial  cells  are  found  in   two,  three,  or  four  superimposed 

The  upper  layer  mny  bo  either  siTigle  columnar,  columnar  ciliated, 
orsquamoua.  When  the  npper  kyer  is  cokimuiir  or  ciliated  the  second 
lajer  consists  of  smaller  cells  fitted  into  the  inequalities  of  the  celli? 
iboTe  them,  as  in  the  trsichea  (fig.  30). 

The  epithelinm  which  is  met  with  lining  the  urinary  bladder  nnd 
ureters  is,  however,  the  transitional  par  excellence.     In  this  variety  there 


Fig.  ai. 


Flt.» 


lli^  8,— EpIthpUoai  of  the  bladder    rt»  On©  of  the  cena  of  tlie  first  row ;  6»  a  cell  of  the  siKiOtid 
l^fltOt  tit  *»;!«,  or  flrht,  i^ecoLil,  and  dtvpi^t  layers.    <  Otof  nstelner,) 

L— ^mnsitlonal  epithf^liftt  ct'UN  from  tlm  inucou-i  mi«mbrane  of  th^  bladder  of  a  rabbit. 
MPvlflcM].  a,  lAr^*i  ftaiteaed  ctfll  of  sup«irflcfAl  layer;  a',  blrotlar  cell  taprofllta;  6,  pear- 
I c«ll  uf  •eeoDd  t A>'er.     CKItiln.) 

I  IK  two  or  three  layers  of  cells,  the  upper  being  more  or  less  flattened 
I  tccording  to  the  full  or  collapsed  condition  of  the  organ,  their  under 
loifflce  being  marked  with  one  or  more  depressions,  into  which  the 
iKidB  of  the  next  layer  of  cluh-shiiped  cells  fit.  Betw^een  the  lower  and 
Dwer  parts  of  the  second  row^  of  cells  itre  fixed  the  irregular  cells 
I  constitnte  the  third  row,  and  in  like  manuer  sometimes  a  fourth 
WW  (fig.  31),  It  can  be  easily  understood,  therefore^  that  if  a  scraping 
t-f  the  macons  membrane  of  the  blndder  be  teased,  and  examined  under 
ihe  microscope,  cells  of  a  great  variety  of  forms  mny  be  made  ont  (fig. 
8^*  Each  ceU  contains  a  large  nucleus  and  the  larger  and  superficial 
I  ttUi  olien  possess  two. 

(c)  Stratified  Epithelium. 

The  term  stratified  epithelium  is  employed  when  the  cells  forming 

I  the  epithelinm  are  arranged  in  a  con^idemhle  nnmher  of  superimposed 

i»jers.    The  shape  and  size  of  the  cells  of  the  different  layers,  as  well 

!•  the  DDmber  of  the  layers,  vary  in  different  situations.    Thus  the 
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superficial  cells  are  as  a  rule  of  the  squamous,  or  scalj  Tariety,  and  the 
deepest  of  the  columnar  form. 

The  cells  of  the  intermediate  layers  are  of  different  shapes,  but  tho0e 
of  the  middle  layers  are  more  or  less  rounded.  The  superficial  cells  arc 
broad  and  overlap  by  their  edges  (figs.  33  and  34).    Their  chemical  com- 


Ffg.  83.— Squamous  epithelium  scales  from  the  inside  of  the  mouth,    x  900.    (Henle.) 

position  is  different  from  that  of  the  underlying  cells,  as  they  contaic^ 
keratin,  and  are  therefore  horny  in  character. 

The  nucleus  is  often  not  apparent.  The  really  cellular  nature  o^ 
even  the  dry  and  shrivelled  scales  cast  off  from  the  surface  of  the  epi-^ 
dermis  can  be  proved  by  the  application  of  caustic  potash,  which  caused 
them  rapidly  to  swell  and  assume  their  original  form. 

The  squamous  cells  exist  in  the  greatest  number  of  layers  in  the  epi- 
dermis or  superficial  part  of  the  skin;  the  most  superficial  of  these  are 
being  continually  removed  by  friction,  and  new  cells  from  below  supply 
the  place  of  those  cast  off. 

The  intermediate  cells  approach  more  to  the  flat  variety  the  nearer 
ihey  are  to  the  surface,  and  to  the  columnar  as  they  approach  the  lowest 


wEim':: 


FIk.   84.— Vertical  Rection  of  the  stratified  epithelium  covering  the  front  of  the  coroe 

-  •  •'  ' *  -  'Is  abov^" 

ceUpn 


Hijfhl"  niagniied!   (Sclittf^r.)    c,   Lowermost  columnar  cells;  p,  pblvflfonal  cells  above  th< 
>I.  flnttened  ceils  near  tiie  surfaca.    The  intercellular  channels,  bridfced  oy  minute 


are  well  seen. 

layer.  There  may  be  considerable  intercellular  intervals;  and  in  many 
of  the  deeper  layers  of  epithelium  in  the  mouth  and  skin,  the  outline  of 
the  cells  is  very  irregular,  in  consequence  of  processes  passing  from  cell 
to  cell  across  these  intervals. 

Such  cells  (fig.  35)  are  termed  "ridge  and  furrow,*"' cogged '*  or 
"  prickle  "  cells.  These  "  prickles  "  are  prolongations  of  the  intracellular 
network  which  run  across  from  cell  to  cell,  thus  joining  them  together. 
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the  interstices  being  filled  by  the  transparent  iiitercelhilar  cement-sub- 
itinco.  When  this  increases  in  qiiiuitity  in  inflammation  tlio  cells  are 
pttshed  further  apart,  and  the  connecting  fibrils  or  **  prickles ''  elongated 
md  therefore  more  clearly  visible. 

Tbecolumnar  cells  of  the  deepest  layer  are  distinctly  uncleated;  they 
[Dttltiply  rapidly  by  division;  and  as  new  cells  are  formed  beneiith,  they 
prMs  the  older  cells  forward  to  be  in  turn  pressed  forward  themselves 
toward  the  surface,  gradually  altering  in  shape  and  chemical  composition 
antil  they  are  cast  off  from  the  surface. 

Stratified  epithelium  is  found  in  the  following  situations:  (1.)  Form* 
bg the  epidermis,  covering  the  whole  of  the  external  surface  of  the  body; 
(t)  Coyering  the  mucous  membrane  of  the  nose,  tongue,  mouth,  pharynx, 
ind  CESophagus;  (3.)  As  the  conjunctival  epithelium*  covering  the  cor* 
M«;  (4.)  Lining  the  vagina  and  the  vaginal  part  of  the  cervix  uteri. 


fk.i^^atKtd oellB  from  the  middle  Inyt^rs  of  paveiiiHnt  epitht'liiim.  from  &  Tertical  section  of  tlie 
Ifum  of  a  Dew- born  infant     (KU*m.> 

Functions  of  Epithelium-'— According  to  function,  epithelial  cells 
may  be  classified  as:  (L)  FrolevUve^  <?.//,,  in  the  skin,  mouth,  blood- 
vessels, etc,  (2.)  PndectivG  and  moving — ciliated  epithelium,  (3.) 
Sitnting — glandular  epitheliam;  or,  Secreting  formed  elements — epi- 
theliam  of  testicle  secreting  spermatozoa.  (4.)  Proivrfur  and  i<ecrding, 
#,y.,  epithelium  of  intestine.  (5)  SpHsorial,  cjj,^  olfactory  cells,  rods  and 
Oftces  of  retina,  organ  of  Corti, 

Epithelium  forms  a  continuous  smootli  investment  over  the  whole 
Wy,  being  thickened  into  a  hard,  horny  tissue  at  the  points  most  ex- 
posed to  pressure,  and  developing  various  uppenduges,  such  us  hitirs  anit 
Mils,  irh<we  structure  and  functions  will  lie  considered  in  a  future  chapter. 
Epithelium  lines  also  the  sensorial  surfaces  of  the  eye,  ear,  nose,  and 
rnDQlb,  and  thus  serves  as  the  medium  tliraugh  which  all  imprrssiona 
from  the  external  world — touch,  smelt,  taste,  sight,  hearings  reach  the 
ileticate  nerve  endings,  whence  they  are  conveyed  to  the  brain. 

The  ciliated  epitholium  which  lines  tlie  air-pass:iges  serves  not  only 
Ma  protective  investment,  but  nlsi  jy  tlie  movements  of  its  cilia  pro- 
motes canrents  of  the  air  in  tfie  bronchi  and  bronchia,  and  is  enabled  to 
pzt»pet  fluids  and  minute  particles  oi  sulid  matter  so  aa  to  aid  thwir  ex- 
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pulsion  from  the  body.  In  the  case  of  the  Fallopian  tnbe,  chis  agency 
assists  the  progress  of  the  ovum  toward  the  cavity  of  the  uterus.  Of  th^ 
purposes  served  by  cilia  in  the  ventricles  of  the  brain  nothing  is  known. 

The  epithelium  of  the  various  glands,  and  of  the  whole  intestinal 
tract,  has  the  power  of  secretion,  i.e.,  of  chemically  transforming  certain 
materials  of  the  blood ;  in  the  case  of  mucus  and  saliva  this  has  been 
proved  to  involve  the  transformation  of  the  epithelial  cells  themselves; 
the  cell-substance  of  the  epithelial  cells  of  the  intestine  being  discharged 
by  the  rupture  of  their  envelopes,  as  mucus. 

Epithelium  is  likewise  concerned  in  the  processes  of  transudation, 
diffusion,  and  absorption. 

It  is  constantly  being  shed  at  the  free  surface  and  reproduced  in  the 
deeper  layers.  The  various  stages  of  its  growth  and  development  can 
be  well  seen  in  a  section  of  any  laminated  epithelium  such  as  the  epidermis. 

II.  The  Connective  Tissues. 

This  group  of  tissues  forms  the  Skeleton  with  its  various  connections 
— bones,  cartilages, and  ligaments  -and  also  affords  a  supporting  frame- 
work and  investment  to  the  various  organs  composed  of  nervous,  mus- 
cular, and  glandular  tissue.  Its  ciiief  function  is  the  mechanical  one  of 
support,  and  for  this  purpose  it  is  so  intimately  interwoven  with  nearly 
all  the  textures  of  the  body  that  if  all  other  tissues  could  be  removed, 
and  the  connective  tissues  loft,  we  should  haveawonderfully  exact  model 
of  almost  every  organ  and  tissue  in  the  body,  correct  even  to  the  small- 
est minutisB  of  structure. 

Structure  of  Connective  Tissues  in  Oeneral. 

Connective  tissue  is  made  up  of  two  chief  elements,  namely,  celU 
and  intercellular  substance. 

(A.)  Cells. — The  cells  are  of  two  kinds: 

{a.)  Fixed  Cells, — These  are  of  a  flattened  shape,  with  branched  pro- 
cesses, which  are  often  united  together  to  form  a  network:  they  can  bo 
most  readily  observed  in  the  cornea,  in  which  they  are  arranged,  layer 
above  layer,  parallel  to  the  free  surface.  They  lie  in  spaces  in  the  inter- 
cellular or  ground  substance,  which  are  of  the  same  shape  us  the  cells 
they  contain,  but  rather  larger,  and  which  form  by  anastomosis  a  system 
of  branching  canals  freely  communicating  (fig.  36). 

To  this  class  of  cells  belong  the  flattened  tendon  corpuscles  which 
are  arranged  in  long  lines  or  rows  parallel  to  the  fibres  (fig.  42). 

These  branched  celh,  in  certain  situations,  contain  a  number  of  pig- 
ment granules,  giving  them  a  dark  appearance;  they  form  one  variety 
of  pigment  cell.  Branched  pigment  cells  of  this  kind  are  found  in  the 
outer  layers  of  the  choroid  (fig.  37).     In  many  of  the  lower  animali^ 
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jich  aa  the  frog,  they  are  found  widely  distributed,  not  only  in  the 
lin,  bat  also  ia  internal  parts,  e.g.^  the  mesentery  and  ehcaths  ot  blood- 
ftoeb.  In  the  web  of  the  frog's  foot  such  cells  may  be  seen  with  pig- 
fltent  granules  evenly  distribated  throughout  the  body  of  the  cell  and 
iU processes;  but  under  the  action  of  light,  electricity,  and  other  stim- 
nb*.  the  pigment  granules  become  mussed  in  the  body  of  the  cell,  leaving 
the  prwesses  quite  hyaline;  if  the  stimulus  be  removed,  they  will  ^rad- 
jdlj  be  distributed  again  throughout  the  processes.  Thus  the  skin  in 
Ifro^  is  sometimes  uniformly  dusky,  and  sometimes  quite  li<jht-coIored, 
llli  isolated  dark  spots.  In  the  choroid  and  retina  the  pigment  cells 
orb  light 

(&,)  Ammboid  Celh^  of  an  approximately  spherical  shape;  they  have 
I  great  geneml  resemblance  to  colorless  blood-corpuscles*  with  which 
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M— HoiiioDUil  prepamtlon  of  the  comt»a  of  fnr>|p,  stained  in  colrl  chloride;  shawlnj;  th* 
of  bruicfaed  conae&  corpuscles.    Tbe  fTrouod  subsUuioe  la  completely  colortesa    x  400. 


iome  of  them  are  probably  identical.     They  consist  of  finely  granular 

nucleated  protoplasm,  and  have  the  property,  not  only  of  changing  their 

form  bat  also  of  moving  about,  hence  they  are  termed  migrainnj.     They 

are  readily  distinguished  from  the  branched  connective-tissue  corpuscles 

fcf  their  free  condition,  and  the  absence  of  processes.     Some  are  much 

tr  than  others,  and  are  found  especially  in  the  sublingual  gland  of 

dog  and  guinea-pig,  and  in  the  mucous  membrane  of  the  intestiiK^ 

jAiecond  vnriety  of  these  cells  called  pht^mn  ceUs  are  larger  than  the 

I  siDffiboid  cells,  apparently  granuhir,  less  active  in  their  movements.    They 

OTchiefiy  to  be  found  in  the  inter-musculnr  septa,  in  the  mucous  and 

lab-mticous  coats  of  the  intestine,  in  lymphatic  glands,  and  in  the  omen- 

(B.)  Intercellular  Substance.— This  mny  be  fihriUar,  ns  in  tbe 
jlbroQs  tisence.  and  in  certain  varieties  of  cartihigc;  or  homof/e neons,  as 
[ia  hyaline  cartilage* 
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The  fibres  corn  posing  the  former  are  of  two  kinds — (a,)  White  fibres 
(b,)  Yellow  olaetic  fibres. 

(a.)    Wkife  Fihrcfi. — These  are  armnged  pArallel  to  each  other  in  wa?^ 
bnndleB  of  various  sizes;  such  bundles  may  either  have  a  parallel  ar— 


•»* 


Fig.  a;. 


Fiir.  aa. 


Fig.  39 


Fisr.  37.— Ramlfted  pltjnient  cellw  from  the  tlwu**  of  the  choroW  cost  of  the  eye.     X  SW-    a. 
wlthj»i||fiiieEit ;  b,  colorlei*s  fiLsifurm  cells.    ^K51lJker;r 

Fijf.  38. — Flat.  pi^ueDted,  branrhtnl  etMintHHlve-tiaRWf*  cells  from  thw  fllienth  of  ft  largv  bk 
▼ettHel  of  Uie  Crofc^ft  meeenujry  r  th«s  fpi^nient  is  imt  disfributed  uniformly  tbrouffhout  the  fiubstJL 
of  the  liuiter  cell,  oooaequently  somii  jiariaof  It  look  blrtt'ker  thitn  others  funeontmetect  state), 
this  two  tcmaller  cells  most  of  the  pigment  is  withdrown  into  Hie  cell-body,  so  lh*t  Ibcy  Apf 
smnllen  blacker,  and  less  branched*     X  9&0,     (Kl*'in  Mn«l  jNolile  fcSmllh  > 

Fiir.  39.— FJhroug  tli>jsii«  of  comeA,  ahowitif?  bundles  of  tlhrp«  with  a  few  Bcatteivd  f tnlf orm  c 
U)  lying  in  the  tou^r-fasdcuior  ppaoe*.    X  4«K    CKleiii  and  Koble  SttUth.) 

rangement  (fig,  39),  or  may  produce  quite  a  felted  texture  by  their int 
lacemeut.    The  individual  fibres  composing  these  fueciculi  are  exceed ingl; 
fine,  varying  from  g4oo  to  ^W  inch,  Le.,  ^^Vtr  t*>  Wnr  mm.,*  or 0.5 

1//,  homogeneous,  uubranched,  and  of  tl 
same  diameter  throughout.  They  can  readi^ 
he  isolated  by  macerating  a  portion  of  whit 
fibrous  tissue  (/\//.,  a  small  piece  of  tendoB 
for  a  short  time  in  lime,  or  baryta-water, 
in  a  solution  of  common  salt,  or  of  potassiui 
permanganate:  these  reagents  possess  tl 
power  of  dissolving  the  cementing  inteij 
fibrillar  substance  and  of  thus  separating  tb 
fibres  from  ouch  other.  By  prolonged  boj 
iug  the  fibres  yield  gplutitr. 

{L)  Ydlow  Eluidir  Fihres  (fig,  40)  are 
all  sizes,  from  excessively  fine  fibrils,  ^^| 
inch,  up  to  fibres  of  cmisiderable  thicknc 
^TiVn^  inch  (iVp,,  from  about   1//  to  6/0:  the 
are  distinguished  from  white  fibres  by 
following  characters:  (1,)  Their  great  powe 
of  resistance  even  to  the  prolonged  action  of  chemical  rengeuts,  e,^ 
caustic   soda,  acetic  acid,  etc.     (2,)  Their  well'dcfined   outlines.     (3 

♦  x^  millimetre  —  1  micron,  which  is  represented  by  the  Greek  ;«. 


FffT.  40.— Elaslic  Hbres  fmm 
the  JlgiinietitA  ttubflava.  x  900 
(Shitrpey.) 
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Their  great  tendency  to  branch  anil  to  form  networks  by  iinastomosis. 
(4.)  Their  twisted  corkscrew-like  appearance,  and  that  their  free  ends 
Qgually  curJ  up.  (5.)  Their  yellow inh  tint  and  considerable  elasticity. 
(6.)  Their  refiistance  to  haBmatoxvlin  and  similar  reagents,  and  their 
jffinitj  for  magenta  and  other  aniline  staining  colors. 

These  fibres  yield  on  boiling  not  gelatin,  but  a  gelatinous  substance 
called  ilastin. 

The  chief  yarieties  of  connective  tissues  may  be  thus  classified : 

I.  Th$  Fibrous  Connective  Tissues, 
A.— Chief  Forms. 
a.  White  fibrous* 
B,  Elastic. 
c.  Areolar, 

B* — Special  Varieties. 
a*  Gelatinous. 
h^  Adenoid  or  Eetiform, 
c.  Adipose, 

II  Cardiarje, 

III.  Bone  and  dentine. 

I.  Fibrous  Cokkective  Tissues. 

• 

A,— Chief  Farms.— (a,)  White  Fibrous  Tissue. 

Disiribudon. — It  ia  found  typically  in  tendon;  also  in  ligaments,  in 
the  periosteum  and  perichondrium,  the  dnra  mater»  the  pericardium, 
the  sclerotic  coat  uf  the  eye,  the  fibrous  sheath  of  the  testicle;  in  the 
Uset9  and  aponeuroses  of  muscles,  and  in   the  sheaths  of  lymphatic 

Structure, — To  the  naked  eye  tendons  and  nianv  of  tlie  lllrois 
membranes,  when  in  a  fresh  state,  present  an  appearance  us  of  wut^rud 
olt  This  is  due  to  the  arrangement  of  the  fibres  in  wavy  parallel  bun- 
diet.  Under  the  microscope  the  tigsue  appears  to  con^^ist  of  long,  often 
parallel,  bundles  of  fibres  of  different  sizes.  The  fibres  of  the  same  bun- 
dle now  and  then  intersect  each  other.  The  cells  in  tendons  {fig.  42) 
lie  arranged  in  long  chains  in  the  ground  substance  separating  the  bun- 
dles of  fibres,  and  are  more  or  less  rcgnhirly  quadrilateral  with  lar^e 
I  roDiid  nuclei  containing  nucleoli,  which  are  generally  placed  so  as  to  be 
eoDtignotis  in  two  cells.  Each  of  these  cells  eonsint  of  a  thick  body, 
from  which  processes  pass  in  various  directions  iuto,  and  parti:illy  fill 
up  the  spaces  between,  the  bundles  of  fibres.  The  rows  of  cells  are 
iep«Fated  from  one  another  by  lines  of  cement  substance.  The  cell 
I  can  he  brought  into  view  by  silver  nitrate.     The  cells  are  gener- 
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ally  marked  by  one  or  more  Hnes  or  stripes  when  viewed  longitudinally.^ 
This  appearance  is  really  produced  by  the  wing-like  processes  of  tb^ 
cell  which  project  away  from  the  chief  part  of  the  cell  in  different  di — 
rections^  These  processes  not  being  in  the  same  plane  as  the  body  oC 
the  cell  are  out  of  focus  and  give  rise  to  these  bright  stripes  are  looked 
at  from  above  and  are  in  focus. 

The  branched  character  of  the  cells  is  seen  in  transverse  section  in 
fig.  43. 

(b)  Yellow  Elastic  Tissue. 

Distribution. — In  the  ligamentiim  nuchas  of  the  ox,  horse,  and  many 
other  unimnls;  in  the  ligamenta  subllava  of  man;  in  the  arteries,  con- 
stituting the  fenestrated  coat  of  Ucnle;  in  veins;  in  the  lungs  and  tra- 


FIg.41. 


Fijr.  42. 


Fij?.  41.— Mature  white  fibrous  tissue  of  tendon,  consisting  mainly  of  flbres  with  a  few  scattered 
fusiform  cells.    (Strieker.) 

Fig.  4^.— Caudal  tendon  of  young  rat,  showing  the  arrangement,  form,  and  structure  of  the 
tendon  cells.    X  aoo.    (Klein.) 


chea;  in  the  stylo-hyoid,  thyro-hyoid,  and  crico-thyroid  ligaments;  in 
the  true  vocal  chords;  and  in  areolar  tissue. 

Sfructzire. — Elastic  tissue  occurs  in  various  forms,  from  a  structure- 
less, elastic  membrane  to  a  tissue  wliose  chief  constituents  are  bundles 
of  fibres  crossing  each  other  at  different  angles;  wlien  seen  in  bundles 
elastic  fibres  are  yellowish  in  color,  but  individual  fibres  are  not  so  dis- 
tinctly colored.     The  varieties  of  the  tissue  may  be  classified  as  follows: 

(a.)  Fine  elastic  fibrils,  which  branch  and  anastomose  to  form  a  net- 
work: this  variety  of  elastic  tissue  occurs  chiefly  in  the  skin  and  mucous 
membranes,  in  subcutaneous  and  submucous  tissue,  in  the  lungs  and 
true  vocal  cords. 

ib,)  Thick  fibres,  sometimes  cylindric:il,  sometimes  flattened  like 
tape,  which  branch,  anastomose  and  form  a  i:etwork:  these  are  seen 
most  typically  in  the  ligamenta  subfluva  and  also  in  the  ligamentum 
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QQcbsof  such  animals  as  the  ox  and  horse,  in  wliicb  that  ligament  is 
largely  developed  (fig.  40), 

(c,)  Kkstic  membranes  with  perforations,  e,g,,  Henle's  fenestrated 
membrane;  this  variety  is  found  chiefly  in  the  arteries  and  veins. 

(rf,)  ContinuoQs,  homogenous  eltistic  membranes,  e,g,.  Bowman's  an- 
terior elastic  lamina  and  Desceniet's  posterior  ehistic  kmina,  both  in  the 
coroetL 

A  certain  number  of  flattened  connective-tissue  cells  are  found  in 
tho  ground  substance  between  the  elastic  fibres  which  make  up  this 
fiiriety  of  connective  tissue. 

[e.)  Areolar  Tissue. 

Diatribuiion, — This  variety  of  fibrous  tiasue  has  a  very  wide  distribu- 


^OSCxjs 


Aetih,  r 
dimiiluf;  r 

StCbrJ 


rig.  43,  Fig.  U. 


of  tcQiton  from  a  cross  Bcction  of  t!h^  tJiUt  of  a  rabbit,  KhoMiiiK 
lietl  corjiieciivetissne  eorpiisHiles.    Tho  simcea  left  whilt*  in  thw 
itbrtii  iu  rriinsvei-sesifciiwiJ.    x  sSjO,    (Klelii.J 
1  ui  a  portion  i>{  liii.  nucha?,  showing  the  outlitit]  of  the  fibres.    (Alter 


tionand  constitutes  the  subcutaneous,  subserous,  and  submucous  tissue, 
hia  found  in  the  mucous  membraneSj  in  the  true  skin,  and  in  tho  outer 
ibeaths  of  the  blood-vessels.  It  forms  sheaths  for  musclos,  nerves,  glands, 
and  the  internal  organs,  and  penetrating  into  their  interior,  supports 
»nd  connects  the  finest  parts, 

Striiciure, — To  tbe  naked  eye  it  appears,  when  stretched  out,  as  a 
fteecjr,  white,  and  soft  Tnesbwork  of  fine  fibrils,  with  here  and  there  wider 
films  joining  in  it,  the  whole  tissue  being  evidently  elastic.  The  open- 
ness of  the  meshwork  varies  with  the  locality  from  which  the  specimen 
11  taken.  Under  the  microscope  it  is  found  to  be  made  up  of  fine  white 
fibres,  which  interlace  in  a  most  irregular  manner,  together  with  a  vari- 
able number  of  elastic  fibres.  On  the  addition  of  acetic  acid,  the  white 
fibres  swell  up,  and  become  gelatinous  in  appearance;  but  as  the  elastic 
fibres  resist  tho  action  of  the  acid,  thej  may  still  he  seen  arranged  in 
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various  directions,  sometimes  appearing  to  pass  in  a  more  or  less  circnlib^K' 
or  spiral  manner  round  a  snuill  gelatinous  mass  of  changed  white  fibre «* 
The  cells  of  areohir  tissues  are  connective-tissue  corpuscles.     They  con  — 
sist  of  several  varieties:  branched,  flattened   cells  which  connect  with 
each  other;  flattened  cells  which  do  not  branch;  plasma  cells;  wander- 
ing cells  from  the  blood ;  and  sometimes  pigment  cells,  as  in  the  choroici 
of  the  eye.     The  various  elements  are  held  together  by  cemetU  substance, 
penetrated  by  irregular  canals  carrying  lymph. 

B,^iSpcci(fJ  Forms  (a,)  Gelatinous  Tissue. 

DiiilrihuiioH, — (iclatinous  connective  tissue  forms  the  chief  part  of 
the  bodies  of  jelly-fish ;  it  is  found  in  many  parts  of  the  human  embryo. 


Y\K    45. 


Pig.  4«. 


T^iL'  45  —Mucous  connective  thsue  from  th"  umbiUcal  cord.    n.  Cells:  b  flbrilj*. 
Fiff.  Iii.  -Part  of  a  s.-clioii  of  a  lyinpiiaric  ;:lan(l.  from  which  th6  corpuscles  have  been  for  tha 
mo^t  |»ur.  n'uwtvcMl.  ^h<•\\lIlg  the  ;uU;noid  ivtii.-uluni.    (Kloiu  and  Noble  Smith.) 

I'll*  nnijiins  in  the  adult  only  in  the  vitreous  humor  of  the  eye.  It  may 
!)(•  Ix'st  ^^t'en  in  the  last-named  situation,  in  the  **  Whartonian  jelly"  of 
tJR'  innbilical  cord,  and  in  the  enamel  organ  of  developing  teeth. 

S/nu'h.rv, — It  consists  of  cells,  which  in  the  vitreous  humor  are 
lounded,  and  in  the  jelly  of  the  enamel  organ  are  stellate,  imbedded  in 
a  soft  jelly-like  inter-cellular  substance  which  forms  the  bulk  of  the 
tissue,  and  which  contains  a  considerable  quantity  of  mucin.  In  the 
umbilical  cord,  that  p:irt  of  the  jelly  immediately  surrounding  the  stel- 
late cells  shows  marks  of  obscure  li])rillation  (fig.  45). 

(f».)  Adenoid,  this  is  also  caijcil  rrtifomu  h/mphoid  or  U/mphatir  tissue 
Distribution, — This  variety  of  li-suo  makes  up  the  stroma  of  the  spleen 
and  lymphatic  glands,  and  is  found  also  in  the  thymus,  in  the  tonsils, 
in  the  follicular  glands  of  the  tongue,  in  Peyer's  patches,  and  in  the  sol- 
itary glands  of  the  intestines,  and  in  the  mucous  membranes  generally. 
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Strueiure, — Adenoid  or  rotiform  tissue  oonsiats  of  ii  very  dulicate 
netwark  of  minute  fibrils,  formed  origiTuilly  by  the  uuitin  of  proeessefi 
ol  bmnelied  conuective-tissuo  corpnseles,  tlio  uiiolui  of  whit'h,  liuwever, 
ar**  visible  only  during  the  eurly  periudts  of  duvelopiiieut  of  the  tissue 
ffig.  4G).  The  network  of  fibrils  is  coucoakd  by  being  covered  with 
datteuetl  couuective-t issue  corpuscles,  which  iiuiy  he  reudily  dissolved 
in  caustic  potash,  leaving  tlje  network  bare,  Tiie  network  cousists  of 
thite  fibres,  the  interstices  of  which  are  filled  with  lymph  corpuBcIea. 
The  cement  substance  of  adenoid  tissue  is  very  fluid, 

S^me  authors  make  a  distiuction  lietween  retiform  and  adenoid  tis- 
foea,  the  former  being  the  meshw^ork,  and  the  latter  tlm  nieshwork  with 
its  contained  lymph  cells. 

Development  of  Fibrous  Tissues. — Jn  the  embryo  the  place  of 
thf  fibrous  tissues  is  at  first  occujjied  by  a  muss  of  roundish  cells,  de- 
rived irom  the  *'  mesobUst." 


^C-^PonJNOiD  of  submucous  tiuue  of  ^avid  uterus  of  bow.    a.  Branched  cells,  more  or  less 
s[ilBdle-<ihAped;  6.  bondleaof  euaurciive  tiitsut?.    cKleiii.) 

These  develop  either  into  a  network  of  branched  cells  or  into  groups 
offa^iforni  cells  (fig.  47). 

The  cells  are  imbedded  in  a  semi-flnid  jlbuminous  substance  derived 

either  from  the  ceils  themselves  or  from  the  neighboring  blood-vessels; 

this  aflprirard  fofms  the  cemeut  substance.     In  it  fibres  are  developed, 

dtberbysome  of  the  cells  becoming  fibrils,  the  others  remaining  as  con- 

wctive-tissue  corpuscles,  or  by  the  fibrils  being  developed  from  the  mi t- 

adif  kyera  of  the  protoplasm  of  the  cells,  which  grow  up  again  to  their 

ori^nal  size  and  remain  imbedded  among  the  fibres.     Tbe  process  gives 

rise  to  fibres  arranged  in  the  one  ease  in  interlacing  networks  (areolar 

(iaue),  in  the  other  in  parallel  bundles  (white  fibrous  tissue).     In  the 

suture  forms  of  purely  fibrous  tissue  not  only  the  remnants  of  the  cell- 

snbstauee,  but  even  the  nuclei,  may  disappear.     The  embryonic  tissue, 

trom  which  eln>itir  fibres  are  developed,  is  conj posed  of  fu triform  ceils, 

find  a  structureless  intercellular  substance  by  tbe  gradual  fibrillation  of 

thich  elastic  fibres  are  formed.     The  fusiform  cells  dwindle  in  size  and 

erentuaHy  disappear  so  eompleiely  thnt  in  mature  elastic  tissue  hardly 

i trace  of  them  is  to  be  found:  meanwhile  the  elastic  fibres  steadily  in- 

mme  in  size. 


A 
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Another  theory  of  the  deyelopment  of  the  connoctiTe-tissne  fibr# 
snpposes  that  tbey  arise  from  deposits  in  the  intercellular  substance a-n 
not  from  the  cells  themselves;  these  deposits,  in  the  case  of  elastic  fibred 
appearing  first  of  all  in  the  form  of  rows  of  granules,  which,  joining  tc^ 
gother,  form  long  fibrils.  It  seems  probable  that  even  if  this  view  b0 
correct,  the  cells  themselves  have  a  considerable  influence  in  the  prcH- 
duction  of  the  deposits  outside  them. 

Functions  of  Areolar  and  Fibrous  Tissue.— The  main  function 
of  connective  tissue  is  mechanical  rather  than  vital:  it  fulfils  thesubsid'- 
iary  but  important  use  of  supporting  and  connecting  the  various  tissues 
and  organs  of  the  body. 

In  glands  the  trabecular  of  connective  tissue  form  an  interstitial 
framework  in  which  the  parenchyma  or  secreting  gland-tissue  is  lodged* 
in  muscles  and  nerves  the  septa  of  connective  tissue  support  the  bundlei^ 
of  fibres  which  form  the  essential  part  of  the  structure. 

Elastic  tissue,  by  virtue  of  its  elasticity,  has  other  important  uses  • 


Fig.  48.— Ordinary  fat  cells  of  a  fat  tract  in  the  omentum  of  s  rat.    (KleliL) 

these,  again,  are  mechanical  rather  than  vital.  Thus  the  ligamentui^ 
nuchas  of  the  liorse  or  ox  acts  very  much  as  an  India-rubber  band  in  th— 
same  position  would;  being  stretched  when  the  head  is  lowered  fo 
feeding  or  other  purposes  and  aiding  the  muscles  materially  afterwaic^^ 
by  its  contraction,  in  raising  the  head  to  its  normal  position  and  keepings 
it  there. 

{c)  Adipose  Tissue. 

Dustrihution. — In  almost  all  regions  of  the  human  body  a  larger  oflC 
smaller  quantity  of  adipose  or  fatty  tissue  is  present;  the  chief  excep— - 
tions  being  the  subcutaneous  tissue  of  the  eyelids,  penis,  and  scrotum^ 
the  nymphce,  and  the  cavity  of  the  cranium.    Adipose  tissue  is  also  absents 
from  the  substance  of  many  organs,  as  the  lungs,  liver,  and  others. 

Fatty  matter,  but  not  in  the  form  of  a  distinct  tissue,  is  also  widely 
present  in  the  body,  e,g,,  in  the  liver  and  brain,  and  in  the  blood  and 
chyle. 

Adipose  tissue  is  almost  always  found  seated  in  areolar  tissue,  and 
forms  in  its  meshes  little  masses  of  unequal  size  and  irregular  shape,  te 
which  the  term  lobules  is  commonly  applied. 
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Strwfure. — ^Under  the  microficope  adipose  tissue  is  foand  to  confiist 
ttsenrialij  of  little  vesicles  or  cells  which  present  dnrk,  sharply-defiiiGd 
edges  when  viewed  with  transmitted  light:  they  are  about  j^  or  jl^  of 
jui  fncji  in  diameter,  each  consisting  of  a  structureless  and  colorless 
membrane  or  bag  formed  of  the  remuiTis  of  the  origiiml  protophism  of 
the  cell,  filled  with  futty  matter,  which  is  liquid  during  life,  but  in  part 
solidified  after  death  (fig.  48).  A  nucleus  is  silways  present  in  some  part 
or  other  of  the  eell-protophism,  but  in  the  ordinary  condition  of  the  cell 
iti«  not  easily  or  always  visible  (fig,  49). 

This  niembnme  and  the  nncleus  can  generally  be  brought  into  view 
Igf  staining  the  tissue :  it  can  be  still  more  satisfactorily  demonstrated 
keitraeting  the  contents  of  the  fat-cells  with  ether,  when  the  shrunken, 
ihnvelled    membranes   remain   behind.     By  mutual  pressure,  fat-cells 


wig,  40.— Oronp  of  fat  i^Uii  (r  c>  with  catjiLkiry  veMels  Cc).    fNoble  amtth.) 

^me  to  assume  a  polyhedral  figure  (fig.  49).     When  stained  with  osraie 
icjd  lilt-cells  appear  black. 

The  ultimate  cells  are  held  together  by  capillary  blood-vessels  (fig* 

W);  while  the  little  clusters  thus  formed  are  grouped  into  small  masses, 

Mil  held  so,  in  most  cases,  by  areolar  tissue. 

The  oily  matter  contained  in  the  cells  is  composed  chiefly  of  the 

'nds  of  fatty  acids  with  glycerin,  which  are  named  olein,  sfearvi, 

ft  if  in. 

Development  of  Adipose  Tissue. — Fat  cells  are  developed  from 

tlve-tissue  corpuscles;  in  the  infra-orbital  connective-tissue  cells 

found  exhibiting  every  intermediate  gradation  between  an  ordi- 

mry  branched  connective-tissue  corpuscle  and   mature  fat-cell.     The 

procewof  development  is  as  follows:  a  few  small  drops  of  oil  make  their 

*  ^'peAmtice  in  the  protoplasm  :tnd  by  their  contluence  a  larger  drof*  is 

prodoced  (fig.  51);  this  gradually  increases  in  size  at  the  expense  of  the 

original  protoplasm  of  the  cell,  which  becomes  correspondingly  dimin- 

ihed  in  quantity  till  in  the  mature  cell  it  only  forms  a  thin  crescentic 


so 
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film,  Dloaely  presBed  agamst  tbe  cell-wall,  and  with  a  naclena  imbedd 

in  its  substiince  (figs.  48  and  4ft). 

Uoder  certain  circonislances  tliis  process  may  be  reversed  and 

oella  may  be  chaoged  back  into  connective-tissue  corpuBcles, 

Vessels  and  Nerves, 
— A  liirge  number  of  b]o(M| 
Teasels  are  found  in  adipcl| 
tisane,  wliieb  subdivide  nn^ 
til  each  lobule  of  fat  coi^ 
tains  a  line  meshwork  d 
ca|ntlaries  ensbeathing  eacfc 
individual  fat-globule  (fig. 
60).  Although  nerve  fibrei 
paas  through  the  tissue^  m 
nerves  have  been  demcnji 
strated  to  terminate  in  itJ 
The  Uses  of  Adiposi 
Tissue. — Among  tbe  usei 
of  adipose  tissue  these  ar< 
tbe  chief:— 

a.   It  serves  as  a  store 
combustible    matter    whici 
may  be  reabsorbed  into  th< 

blood  when  occasion  reriii ires,  and,  being  used  up  in  tbe  metabolism 

the  tissues,  may  help  to  preserve  the  heat  of  the  body. 


Fljr.  JVIl.  -Rlood-vensPls  of  ndlpoae  tlf^eitiR.  a.  Minute  nut- 
tetiHl  fui-l« tim  t«*,  in  wlilrh  the  virww^la  only  arv  ntpreHfOtwl. 
rt,  Tht*  u*raiinal  arter>" ;  r*  Ihf  prlinJtHe  velti ;  ;>.  the  fm^ 
vwtcltsof  oru*  hi^rdpr  of  ifii*  Ifitnih*  H»*|i«rB.t*"lv  h'|iTif*siiHfjtHd. 
X  UW.  B.  Plftnfif  thHarmnja^'nient  of  tht^iiriplltarlt^ii  ktun 
the  r'Xtt'rtor  of  the  v»«ici*fs ;  nwn-  Iitghky  ina»fiiintxL  tl  «»d(l 
«nd  BoWEhaQ.i 


i 


Fig.  51,  Fig.  68. 

Fijf.  fit,— A  lobule  of  devdoplncr  &dlpo««<  tissue  from  an  eiirbt  munthB'  fcE*tu»,  a«  B|il]«rioaJtf 
from  preaaure,  polyhedml  eel  la  with  lurKe  central  nucleus,  surrounclfKl  by  a  floely  reticulftfted  mA 
stance  fltainlui?  utilforDilv  with  ha?matnxylin.  b,  BimlLar  cellM  with  Rpact»  from  which  the  fat  bn 
been  removed  by  oil  of  cfovta*.  c,  Himiiikr  cell«  BhowinK  how  tiw  miclfos  with  Inrtosin^  proiopUaTi 
fa  beJns  pnsBed  toward  periphery-  <i.  Nucleus  of  emiouiellum  of  In  vest  log  capillaries.  (McCartlyr*! 
Drawnby  TreveH. 


awn  by  TreveH. 
Fig.  ^.— Bronebeci  conuectiTe-tiaaue  corpuacleit,  deTeloping  into  fat-cells. 


iUs.    (Klein.)  ^ 
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b.  That  part  of  the  fat  which  is  sityate  beneath  the  skin  must,  by 
its  waafc  of  coDductiDg  power,  tkn&ht  in  preventing  undue  waste  of  the 
I  ^t  of  the  body  by  escape  from  the  surface, 

r.  As  a  packing  material,  fat  serves  very  admirably  to  fill  up  spaces, 

to  form  a  soft  and  yielding  yet  elastic  material  wherewith  to  wrap  ten* 

tjeraod  delicate  structures,  or  form  a  bed  with  like  qualities  on  which 

rflieh  Btructurea  may  lie»  not  endangered  by  pressure.     As  examples  of 

^iftaatioosinwbich  fat  serves  such  purposes  may  be  mentioned  the  palma 

of  the  hands  and  soles  of  the  feet  and  the  orbits. 

d.  In  the  long  bones  fatty  tissue^  hi  the  form  known  as  yellow  m ar- 
row, fills  the  medullary  canal,  and  supports  the  small  blood-vessels  which 
tre  distributed  from  it  to  the  inner  part  of  the  substance  of  the  bone. 

Basement  3lEMBRANEa, 

Basement  membranes  are  a  special  strocture  upon  which  the  epi- 
thelium of  mucous  membnuiea  rests.     They  are  of  homogeueoiia  appear- 
ance, and   are  developed  from   flattened   connective-tissue   corpuscles, 
i  joined  at  their  edges,  or  from  a  concentrated  cement  substance.     Some 
I  basement  membranes  possess  elasticity,  e.^»,  in  the  cornea, 

11.  Cautilage. 

Gimral  Sirttcfure  of  Carlihtye. — All  kinds  of  cartridge  are  composed 
I  fil  alU  imbedded  in  a  substance  called  tlio  matrix:  the  apparent  diiler- 
•ocee  of  structure  met  with  in  the  various  kinds  of  cartilage  are  more 
dae  to  differences  in  the  character  of  the  matrix  than  of  the  cells. 
Among  the  latter,  however,  there  is  also  considenible  diversity  of  form 
ind  size. 

With  the  exception  of  the  articular  variety,  cartilage  is  invested  by  a 
iMn  hut  tough  firm  fibrous  membrane  ciilled  the  perichuudrinm.  On 
ibe  surface  of  the  articular  cartilage  of  the  fcetus,  the  perichondrium  is 

presented  by  a  film  of  epithelium;  but  this  is  gradually  worn  away 

P  to  the  margin  of  the  articular  surfaces  when  by  use  the  parts  begin 
^  safer  friction. 

Xerves  are  probably  not  supplied  to  any  variety  of  cartilage. 

Cartilage  exists  in  three  different  forms  in  the  human  body,  viz.,  1, 
Bplim  cariilage^  2,  Veliow  elastic-cariiltige^  and  3,  WhiU  fihro^artilage^ 

K  Hyaline  Cartilage. 

Dittrihittion. — This  variety  of  cartilage  is  met  with  largely  in  the 

bflman   body — investing   the   articular   ends    of   bones,   and   forming 

ti^ooetal  cartilages^  the  nasal  curtihigesj  and  those  of  the  larynx  with  the 

woeplion  of  the  epiglottis  and  cornicula  laryngi^,  as  well  as  those  of 

tte  tr&chea  and  bronchi. 

Structure, — Like  other  cartilages  it  is  composed  of  cells  imbedded  in 
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a  matrix.  The  cells»  which  contain  a  nudeiiswith  nucleoli,  ai 
in  shape,  and  generally  grouped  together  in  patches  (fig. 
patches  are  of  varioos  shapes  and  sizes  »nd  placed  at  unequal 
apart.  They  generally  appear  flattened  near  the  free  snrj 
mass  of  L'urtiliigein  which  they  are  placed  and  more  or  less  pei 
to  the  surface  in  the  more-deeply  seated  portions. 

The  matrix  of  hyaline  cartilage  has  a  dimly  granular  appe 
that  of  ground  glass,  and  in  man  and  the  higher  animals  haj 
ent  strncture.  In  some  cartilages  of  the  frog,  however,  ever 
amined  in  the  fresh  state,  it  is  seen  to  he  mapped  out  into 
blocks  or  cell-territories,  each  containing  a  cell  in  the  centre, 


:^<5^ 


^3  m.- 


hiu. 


Thp  ceU  bodies  entirelf  AH  tl* 


FIk,  r>:i,- Ryalint^  articular  cartLtiijr«*  ChurniinJ. 
matrix.     -;S4adiaiivB     (Sobifer) 

V\g.  M.— Fresh  cartJIfiM^  from  tlio  Triton.    (A.  Rolbtt.) 

senting  what  is  generally  called  the  capsule  of  the  cartilage 
54),  Hyaline  cartilage  in  man  has  really  the  same  etructnre, 
be  demonstrated  by  the  use  of  certain  reagents.  If  a  piece 
hyaline  cartilage  be  macerated  for  a  long  time  in  diluted  acic 
wiiter  36 "^-45°  C.  {05^'U3*'  F.),  the  matrix,  which  previousl 
quite  homogeneous,  is  found  to  be  resolved  into  a  number  of 
lamellae,  like  the  coats  of  an  onion,  arranged  round  each  eel 
of  ceils.  It  is  thus  showTi  to  consist  of  nothing  but  a  numb 
systems  of  cupsules  whicli  have  become  fused  with  one  anoth< 

The  cavities  in  the  matrix  in  which  the  cells  lie  are  coti 
getber  by  a  series  of  branching  canals,  very  much  resemblir 
the  cornea:  through  these  canals  fluids  may  make  their  wa 
depths  of  the  tissue. 

In  the  hyaline  cartilage  of  the  ribs  the  cells  are  mostly  I 
in  the  articular  variety  and  there  is  a  tendency  to  the  devel 
fibres  in  the  matrix  (fig.  55).     The  costal  cartilages  also  free 
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calcified  in  old  age,  as  also  do  some  of  those  of  the  larynx,     Fat- 
globdes  may  also  be  seen  in  many  cartilages  (fig.  55). 

In  urticular  cartilage  the  cells  are  smaller  and  arranged  vertically  in 
narrow  lines  like  strings  of  heiids* 

In  the  foBtue  cartilage  is  the  material  of  which  the  bones  are  first 
flao0tructod;  the  "modeP*  of  each  bone  bein^  kid  down,  so  to  speak^ 
in  this  substance.  In  «uch  cases  the  cartilage  is  termed  femjmrarf/.  It 
dtj^ely  resembles  the  ordinary  hyaline  kind:  the  cells,  however,  are  not 
^uDcd  together  after  the  fashion  just  described,  but  are  more  uniformly 
distri bated  throughout  the  matrix* 

A  Tariety  of  temporary  hyaline  cartilage  which  has  scarcely  any  ma- 


^i/ 


mm 


Fig.  65. 
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f^,  J5.— Ojfttal  carillttKw  from  ad  adult  do^;,  showing  titc  fsit  Kloi)uJ«*  in  the  cunilaE©  eeils. 
nit  M, -Yellow  eUfltlc  tiartilnge  of  the  ear.    Hinhly  maiifniHed.     (HertwlK.  > 

tti  IB  found  in  the  human  subject  and  in  the  higher  animals  generally, 
"i  early  fcetal  life,  when  it  constitutes  the  chorda  darsaiis. 

^lUri(u^n, — Hyaline  cartilage  is  reckoned  among  the  so-called  non* 
^mlar  structures,  no  blood-vessels  being  supplied  directly  to  its  own 
*nbitauce;  it  is  nourished  by  those  of  the  bone  beneath.  When  hyaline 
milage  is  in  thicker  masses,  as  in  the  case  of  the  cartilages  of  the  ribs, 
*  few  blood-vessels  traverse  its  substance.  The  distinction,  however, 
^i^^n  all  so-called  vascular  and  norirvmcular  parts  is  at  the  best  a 
^«n  artificial  one. 
t  Yellow  Elastic  Cartilage, 

iHstrihuiiotu — ^In  the  external  ear,  in  tho  epiglottis  and  cornicula 
/imjgig,  and  in  the  Eustachian  tube. 
Structure, — The  cells  in  this  variety  of  cartilage  are  rounded  or  oval, 
i  vell-nuirked  nuclei  and  nucleoli  (fig.  56).     The  matrix  in  which 
^are  seated  is  composed  almost  entirely  of  fine  ekstic  fibres,  which 
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form  an  intricate  interlacement  about  the  cells,  and  in  their  gen 
characters  are  allied  to  the  yellow  Tariety  of  fibrous  tisBue:  a  small  an 
variable  quantity  of  hyaline  intercellular  substance  is  also  nsnally  preseni 

A  variety  of  elastic  cartilage,  sometimes  called  cellular^  is  found  t 
farm  the  framework  of  the  external  ears  of  rats,  mice,  or  other  smal 
mammals.  It  is  composed,  as  its  name  implies,  almost  entirely  of  cell 
which  are  packed  very  closely  with  little  or  no  matrix.  When  presen 
the  matrix  consists  of  very  fine  fibres  which  twine  about  the  celb  h 
various  directions  and  inclose  them  in  a  kind  of  network.  Elastic  cai 
tilage  seldom  or  never  ossifies. 

a.  White  Fibro-Cartilage. 

I}istribufiQfh--*\\hiie  fibro-cartilage  is  found  to  occur: — 

1.  Ab  inter'Hrticuiar  fibro-cartilage,  p.^.,  the  semilunar  cartil 
the  knee-joint. 

2.  As  eireurnfereHiial  or  marginal  cartilage,  as  on  the  edges  of  th 
acetabulum  and  glenoid  cavity, 

3.  As  connecting  cartilage,  c'.</,»  the  inter- vertebral  fibro-cartilagcR. 

4,  111  the  sheaths  of  iefidom  and  some 
times  in  their  substance.     In  the  latter  situ 
ation  the  nodule  of  fibro-cartilage  is  called 
sesamoid  fibro-cartilage,  of  which  a  specimen 
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Fig,  57. 
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Fig.  ST.— White  nbro-cartllftge.    (Cadiat) 

Fig.  5S.— Willie  flbrtM,*Artil«^  from  an  tnU^r- vertebral  lljrament    (Klein  and  Noble  Smith.) 
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maybe  found  in  the  tendon  of  the  tibialis  posticus  in  tlie  sole  of  the 
and  usually  in  the  neighboring  tendon  of  the  peroneus  longus. 

Siruciure* — ^Wliite  fibro-cartilage  (fig»  58),  which  is  much  more  widel 
distributed  throughout  the  body  than  the  foregoing  kind,  is  composec 
like  it,  of  cells  and  a  matrix;  the  latter,  however,  being  made  up  almos 
entirely  of  fibres  closely  resembling  those  of  white  fibrous  tissue. 

Ill  this  kind  of  fibro-cartilage  it  is  not  unusual  to  fiiul  a  groat  pai 
of  its  miiss  composed  almost  exclusively  of  fibres,  and  deriving  the  nam 
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«f  cartilage  only  from  the  fuct  that  in  another  portion,  continnons  with 

il  cartilage  cells  may  be  pretty  freely  distributed. 
By  proloDged  boiling,  curtilage  yields  a  substance  called  chmidrin — 

which  gektinizes  on  cooling.     The  cells  of  white  fibro-cartilage  are  aa  a 

rale  rounded  or  somewhat  flattened  but  in  some  places  are  distinctly 

branched* 

Functions  of  Cartilage.— Cartilage  not  only  represents  in  the 
foptas  the  bones  which  are  to  be  formed  {temporary  cartilage)  but  also 
offers  a  firm,  yet  more  or  less  yielding^  framework  for  certain  parts  in 
the  developed  body,  possessing  at  the  same  time  strength  and  elasticity. 
\i  maintains  the  shape  of  tubes  as  in  the  larynx  and  tnichca.  It  affords 
attachment  to  muscles  and  ligaments;  it  binds  bones  together,  yet  allows 
a  certain  degree  of  movement^  as  between  the  vertebrse;  it  forms  a  firm 
faimework  and  protection,  yet  without  undue  atiffness  or  weighty  ae  in 
ihe  pinna,  larynx,  and  chest  walls;  it  deepens  joint  cavities,  as  in  the 
acetabulum,  without  unduly  restricting  the  movements  of  the  bones. 

Development  of  Cartilage^— Cartilage  is  developed  out  of  an  em- 
bijonal  tissue,  consisting  of  cells  with  a  very  small  quantity  of  intercel- 
hlar  substance:  the  cells  multiply  by  fission  within  the  cell- capsules, 
vMle  the  capsule  of  the  parent  cell  becomes  gnidually  fused  with  the 
aorrounding  intercellular  substance.  A  repetition  of  this  process  in  the 
yoong  cells  causes  a  rapid  growth  of  the  cartilage  by  the  multiplication 
of  it«  cellular  elements  and  corresponding  increase  in  its  matrix.  Thus 
we  see  that  the  matrix  of  cartilage  is  chiefly  derived  from  the  cartilage 
cella. 

III.  Bone. 

Chemical  Composition. — ^Bone  is  composed  of  earthy  and  animal  mat- 
ter in  the  proportion  of  about  67  per  cent  of  the  former  to  33  per  cent 
of  the  latter*  The  earthy  matter  is  composed  chiefly  of  calcium  pkos- 
phahf  hot  besides  there  is  a  small  quantity  (about  11  of  the  67  per  cent) 
fs^  ealrinm  en rb*) mite  and  eakium  Jiuorifte,  and  maffne^nrtm  pko^phaltK 

The  animal  matter  called  collagen  is  resolved  into  gelatin  by  boiling. 

The  earthy  and  animal  constituents  of  bone  are  so  intimately  blended 
a&il  incorporated  the  one  with  the  other  that  it  is  only  by  chemical 
action,  as  for  instance  by  heat  in  one  case  and  by  the  nction  of  acids  in 
another,  that  they  can  be  separated.  Their  close  union  too  is  further 
•hown  by  the  fact  that  when  by  acids  the  earthy  matter  is  dissolved  out, 
won  tile  other  hand  when  the  animal  part  is  burnt  out,  the  shape  of 
the  bone  is  alike  preserved. 

The  proportion  between  Iht'se  two  constituents  of  bone  vnries  in 
different  bones  in  the  same  individual  nivd  in  the  same  bone  at  different 

Simcturt, — To  the  naked  eye  there  appear  two  kinds  of  structure 
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in  (JifTerent  bones,  and  in  different  parts  of  the  same  bone,  namely/ 
dense  or  compact,  and  the  apongy  or  cancdhus  tissue. 

Thus  in  making  a  longitudinal  section  of  a  long  bone,  as 
buroeras  or  femur,  the  articular  extremities  are  found  capped  on  tl 
surface  by  a  thin  shell  of  compact  bone^  while  their  interior  is  made 
of  the  spongy  or  eancellong  tissue.  The  ^//ri/Y,  on  the  other  hand 
formed  almost  entirely  of  a  thick  layer  of  the  compact  bone,  and  t 
sarrounds  a  central  canal,  the  medullary  cavity — so  called  from  its  a 
taining  the  medulla  or  nuirrow. 

In  the  flat  bones,  as  the  parietal  bone  or  the  scapula,  one  layer  of  1 
cancel!ons  structure  lies  between  two  layers  of  the  compact  tissae,  s 
in  the  sliort  and  irregular  bones,  as  those  of  the  carpu/t  and  tansust  i 
cancellous  tissue  alone  fills  the  interior,  while  a  thin  shell  of  comp 
bone  forms  the  outside. 

Marrow.— There  are  two  distinct  varieties  of  marrow — the  red  a 
yellow^ 


Ffir,  50— Cells  of  th**  n^  marrow  of  the  g;uineft-plg,  hij?lily  nmKiiEae<].    a,  A  lar^ce  etU,  the 
deys  uf  wliich  fip|ioara  to  be  ]>artly  dlviflfHliwto  tbrco  by  i-onHtrietiojs;  ii,  a  cell,  tliemjcJeusof  wh 
ihuw »  an  npi^ieamnco  of  Umdr-  const rictod  iiiio  a  nurnkWr  of  sirinller  nuclei :  r.  a scM-atled  friant  c 
or  itiyploptaxe,  wltlitnnuv  iiuelel;  d^  a  am&ller  ni3*t4o-plaxt*,  with  three  utielel;  e-i^  proper  eelli 
Cbe  marrow,    (,E.  A.  SchMfer.) 

j 

Red  marrow  is  tlint  variety  which  occupies  the  spaces  in  the  cane 
Ions  tissue;  it  is  highly  vascular,  and  thus  maintains  the  nutrition 
the  spongy  bone,  the  interstices  of  which  it  fills.  It  contains  a  f 
fat-cells  and  a  large  number  of  marrow-cells,  many  of  wdiich  are  und 
tinguisliable  from  lymphoid  corpuscles,  and  has  for  a  basis  a  sm 
St  mount  of  fibrous  tissue.  Among  the  cells  are  some  nucleated  cells 
very  niucb  the  same  tint  as  colored  blood-corpuscles.  There  are  a] 
a  few  lnr;,'e  cells  with  many  uoclci,  termed  giant-cens  or  myehplax 
which  are  derived  from  over-growth  of  the  ordinary  marrow-ce 
(fig.  51*). 

yellow  marrow  fills  the  medullary  cavity  of  long  bones,  and  consL 
chiefly  of  fat-cells  with  numerous  blood-vessels;  many  of  its  cells  at 
are  in  every  respect  similar  to  lymphoid  corpuscles* 
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From  these  marrow-cells,  especially  those  of  the  red  marrow,  aro  de- 
nred^aa  we  shall  presently  show,  large  qumitities  of  red  blood-corpuscles. 

Periosteum  and  Nutrient  Blood-vessels. — The  sorfaces  of  bones, 
eicept  the  part  covered  with  urticnhir  ciirtikge,  sire  eluthed  by  a  tough, 
fiisiroag  membrane,  the  perto^tetim ;  and  it  is  from  the  blood-vessels 
fhichare  distributed  in  this  menibmne,  that  the  bones,  especially  their 
more  compact  tissue,  are  in  great  part  supplied  with  nourislnnent, — 
minute  branches  from  the  periosteal  vessels  entering  the  little  foramina 

the  surface  of  the  bone,  and  finding  their  way  to  the  Haversian 

lis  to  be  immediately  described.  The  long  bones  are  supplied  also 
'  t»y  ft  proper  Dutrient  artery  which,  entering  at  some  part  of  the  shaft  so 


^?Si?>v^^j«> 
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^jt  ftJ-Tranitverse  section  of  compact  hotiv  tfeBiie  (of  huuit-nii*).    Three  of  1 
2"™*««eeD,  with  Lh#»lr  conceutric  rings:  also  the  laeimte,  with  th*  cftimJicuIl  e: 


'  the  HRversiiiu 

,•  rings:  also  the  laeimte,  with  the  cftimJicuIl  extending  from 

I  imeilEe,  Tht;  HaversLau  aperture*!  were  flUefi  with  (i<^bri8ln  gjind- 
■  appeiir  black  in  the  flarure,  which  nepr^seats  the  obje<et.iis  vieweil 
I  Hiau  ajutemi  are  ao  closely  packed  m  this  eectJon,  that  soarct;Iy 


X  160.    (Shjtrpey.) 


^tor^ach  the  medullary  canal,  breaks  up  into  branches  for  the  supply 

^f  tht  marrow,  from  which  again  small  vessels  are  distributed  to  the 

'rior  of  the  bone.     Other  small  blood-vessels  pierce  the   articular 

*fflitieg  for  the  supply  of  the  cancellous  tissue. 

.Vicrfmcoptc  Siruf'fure  of  Bofie, — Notwithstanding  the  differences  of 

^JTi^ement  just  mentioned,  the  structure  of  all  bone  is  found  under 

^i«  microscope  to  be  essentially  the  same, 

£iamined  with  a  rather  high  power  its  substance  is  found  to  contain 

Dultitude  of  small  irregular  spaces,  approximately  fusiform  in  shape* 

td  lacunw,  with  very  minute  canals  or  mnaJicnU,  as  they  are  termed, 

T^ing  from  them,  and  anastomosing  with  similar  little  prolongations 

from  other  lacnnse  (fig.  60).     In  very  thin   layers  of  bone»  no  other 

ftinals  than  these  may  be  visible;  but  on  making  a  transverse  section  of 
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the  compact  iifisue  as  of  a  long  bone,  e,g.,  the  hameniB  or  uloa»  tl 
anrangement  Bhowo  in  fig.  60  can  bo  seen. 

The  bone  seems  mapped  out  into  small  circular  diatricts,  at  or  at 
the  centre  of  each  of  which  is  a  hole,  around  which  is  an  appearauce 
of  concentric  layers— the  lacunm  and  canaiicuU  following  the  same  co 
cetitric  plan  of  distribution  around  the  small  hole  in  the  centre^  wit 
which  indeed  they  communicate. 

On  making  a  longitudinal  section,  the  central  holes  are  found  to 
simply  the  cut  extremities  of  small  canals  which  run  lengthwise  throng 
the  bone,  anafitomosing  with  each  other  by  lateral  branches  (fig*  611 


Wn^x^. 
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Ftg.  61.— LoDKitudlnal  KCtfon  from  the  liiim«Ei  ulna^  showiiiR  HftTerai&n  okoaI,  laconiB,  and 

canalfciiJl.    (KoUeti,) 

and  are  called  Ilarersian  canals,  after  the  name  of  the  physician,  CloptQ 
Havers,  who  first  accurately  described  them. 

The  Haversian  canals,  the  average  diameter  of  which  is  -^  of  i 
inch*  contain  blood-vessels,  and  by  means  of  them  Mood  is  conreyed 
all,  even  the  densest  parts  of  the  bone;  the  minute  eanaliculi  and  lacui 
absorbing  nutrient  matter  from  the  Haversian  blood-vessels  and  con 
veying  it  still  more  intimately  to  the  very  sobstance  of  the  bone  whic 
they  traverse. 

The  blood-vessels  enter  the  Haversian  clonals  both  from  without,  1 
traversing  the  small  holes  which  exist  on  the  surface  of  all  bunea 
neath  the  periosteum,  and  from  within  by  means  of  small  channe 
which  extend  from  the  medullary  cavity,  or  from  the  caneellons  tissu 
The  arteries  and  veins  usually  occupy  separate  canals,  and  the  veiE 
which  are  the  larger,  often  present,  at  irregular  intervals,  small  pouc 
likf  dilatations. 
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The  lacunae  are  occupied  by  branched  cells,  which  are  called  bom- 
€M^^  or  bane-corpuscles  (fig.  62),  which  very  closely  resemble  the  ordi* 
nary  brajiehed  conDective-tisaue  corpiiBclea;  each  of  these  little  massea 
^1  protoplasm  ministering  to  the  nutrition  of  the  bone  immediately  sur- 
TOundiDg  it,  and  one  kciinar  corpuscle  coniniunicating  with  another, 
mid  vith  its  surronnding  disitrict,  and  with  the  blood-vessels  of  the 
HaTersian  canals,  by  means  of  the  minute  streamB  of  flnent  nutrient 
matter  which  occupy  the  canal iculi. 

It  wOl  be  seen  from  the  above  description  that  bone  is  essentially 
eonnective-ti^oe  impregnated  with  lime  salts;  it  bears  a  very  close  re- 
semblance to  what  may  be  termed 
^  \l  n  typical    connective-tissue  such  as 

the  substance  of  the  cornea.      The 
bone-corpuaclea    witb    their    pro- 
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Fig.f^. 


Fig.  63. 


•MsH^  wiTb  ihdr  |HrocesBea  as  seen  In  a  thin  section  of  human  botfe.  CRollett*> 
.ekHt  orr  from  a  aoftened  1ioo«.    Tbls  f!^re,  wbicb  is  tuteuded  to  repfCMiit 
.  a  Unii^lla.  gives  a  beiter  Idea  of  the  object  when  tieM  rather  rartberoff 
o.    X  400.    iffliarpey,} 


nee  occupying  the  lacunfe  and  canal iculi  correspond  exactly  to  the 
com esa -corpuscles  lying  in  branched  spaces. 

Lamellae  of  Compact  Bone.— In  the  shaft  of  a  long  bone  three 
dUtinct  sets  of  lamellae  can  be  clearly  recognized. 

(l.>  General  or  fundamental  lamella? ;  which  are  most  easily  tracea- 
ble just  beneath  the  periosteum,  and  around  the  medullary  cavity,  form- 
ing uround  the  latter  a  series  of  concentric  rings.  At  a  little  distance 
from  the  medullary  and  periosteal  surfaces  (in  the  deeper  portions  of 
the  bone)  they  are  more  or  less  interrupted  by 

(2.)  Special  or  Haversian  lamellae,  which  are  concentrically  arranged 
mmiiQd   the  Haversian  canals  to  the  number  of  six  to  eighteen  around 

(3.)   ItiferstUial  lamellfe,    which  connect  the   system  of  Haversian 
,  lamellsB,  filling  the  spaces  between  them,  and  consequently  attaining 
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their  greatest  developnient  where  the  Haveraian  gjgtems  are  few,  i 
vice  vcrf<(/\ 

The  ultimate  structure  of  the  himell^  appears  to  bo  reticular.  lt\ 
thin  film  be  peeled  oil  the  surfaee  of  a  bone,  from  which  the  ear 
matter  has  been  removed  by  acid,  aud  examined  with  a  high  powers 
the  mieroFCopej,  it  will  be  found  composed  of  a  fiuely  reticular  str 
ture,  formed  apparently  of  very  slender  fibres  decussating  obliquely,  1 
coaleBcing  at  the  points  of  intersection,  as  if  here  the  fibres  were  fn» 
rather  than  woven  together  (fig,  03). 

In  many  places  these  reticular  lamellae  are  perforated  by  taperi 
fibres  called  the  ChvUuJi  of  Gagliardi,  or  the  perforating  fihres 
Sharj}ey,  resembling  in  character  the  ordinary  white  or  rarely  the  i 


W^.  M.-^LamelU^  torn  oft  from  n  dee&lclfled  hitmao  mLiietAl  bone  at  some  depth  from  the  t 
£M9e.  a,  ti»  Lnmelht?.  showing  reticular  nhn**i:  b,  h,  tliLrWr  part,  where  seirwal  latnelke  are  ?  " 
posed;  c,  iierforatiijjs:  fibres.  Apxertiirea  rhrouj^h  which  perf orating  Qbrea  had  panned ,  are  t 
pecJally  in  the  low*? r  part,  a,  a,  of  the  flgun*.    (Allen  ThomsonO 


fibrous  tissue,  which  bolt  the  neighboring  lamellae  together,  and  may] 
drawn  out  when  the  hitter  are  torn  asunder  (fig*  64),     These  perforati 
fibres  originate  from  ingrowing  proceesea  of  the  periosteum,  and  in 
adult  still  retain  their  connection  with  it. 

Development  of  Booe.^ — From  the  point  of  view  of  their  develo 
ment,  all  bonea  may  be  subdivided  into  two  classes. 

(a.)  Those  which  are  ossified  directly  or  from  the  first  in  membrai 
or  fibrous  tissue,  tf.//.,  the  bones  forming  the  vault  of  the  skull,  pariet 
frontalt  and  a  certain  portion  of  the  occipital  bones. 

(L)  Those  whose  form,  prcvioiia  to  ossification,  is  kid  down  in  Aj 
Hue  rarliiage^  e.g.,  humerus,  femur. 

The  process  of  development,  pure  and  simple,  may  be  best  studied 
bonea  which  are  not  preceded  by  cartilage,  i.e.,  membram-formed  (e.j 
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W)  ;  and  without  a  knowledge  of  this  procese  {ossification  in  mem^ 
))t  it  is  impossible  to  understand  the  much  more  complex  series  of 
jhaagtjs  through  which  such  a  structure  as  the  cartilaginous  femur  of 
tu8  paaaes  in  its  tntnsformution  into  the  bony  feriiur  of  the  adult 
ication  in  cartilage). 
Ossification  in  Membrane. — The  membrane,  afterward  forming 
tk  periosteum,  from  which  such  a  bono  as  the  parietal  is  developed, 
consists  of  two  layers — an  exiernul  JiltronA\  and  an  internal  celhiiar  or 

The  external  layer  is  made  up  of  ordinary  connective-tissue,  being 
Mpoeed  of  layers  of  fibrous  tissue  with  branched  connective-tissue 
wrpoaclea  here  and  there  between  the  bundles  of  fibres.     The  internal 
kjer  consists  of  a  network  of  fine  fibrils  with  a  largo  number  of  nucle- 
Ited  cells  with  a  certain  addition  of  albuminous  ground  or  cement  sub- 
Uuice  between  the  fibrous  buudles,  some  of  which  are  oval,  others 
awn  out  into  long  branched  processes:   it  is  more  richly  supplied 
rith  capillaries  than  the  outer  layer.    The  relatively  large  number  of 
p  cellalar  elements,  which  vary  in  size  and  shape,  together  with  the 
fcaadance  of  its  blood-vessels,  clearly  mark  it  out  as  the  portion  of  the 
leriost^am  which  is  immediately  concerned  in  the  formation  of  bone. 
I    In  such  a  bone  as  the  parietal,  which  is  represented  then  when  ossi- 
Nation  commences  by  the  species  of  fibrous  connective  tissue  with  many 
Us  above  indicated,  the  deposition  of  bony  matter,  which  is  preceded 
f  increased  vascularity,  takes  place  in  radiating  spicula?,  starting  from 
pmine  of  as^^ification,  and  shooting  out  in  all  directions  toward  the 
riphery.     These  primary  bony  spiculfe  consist  of  the  fibres  of  the  tis- 
tl*  which  are  termed  osieogeueiic  fi/tns,  composed  of  a  soft  transparent 
pstance  called  osteogen,  in  which  calcareous  granules  are  deposited. 
ke  fibres  arc  said  to  exhibit  in  their  precalcified  state  indications  of  a 
prillar  stnicture,  and  are  likened  to  bundles  of  white  fibrous  tissue,  to 
ich  they  are  similar  in  chemical  composition,  but  from  which  they 
er  in  being  stififer  and   less  wuvy.     The  deposited  granules  after  a 
e  become  so  numerous  as  to  fill  up  the  substance  of  the  fibres  and 
J  cipicnlae  result     Calcareous  granules  are  deposited  also  in  the  in- 
brillar  matrix.     By  the  junction  of  the  osteogenctic  fibres  and  their 
ting  bony  spiculse  a  mesh  work  of  bone  is   formed.     The   osteo- 
etic  fibres,  which  become  indistinct  as  calcification  proceeds,  are 
Ted  to  persist  in  the  lamellfB  of  adult  bone.     The  osteoblasts,  being 
retained  within  the  bone  trabecolas  thus  produced ,  form  bone 
soles.     On  the  bony  trabeculae  first  formed,  layers  of  osteoblastic 
from  the  osteo-gene tic  layer  of  the  periosteum  arc  developed  side  by 
lining  the  irregular  spaces  like  an  epithelium  (tig.  65,  /^).     Lime- 
are  deposited  in  the  circumferential  part  of  each  osteoblast,  and 
a  ring  of  OBteoblasts  gives  rise  to  a  ring  of  bone  with  the  remaining 
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tincalcified  portions  of  the  osteoblasts  imbedded  in  it  as  bone  corpuscle 
as  in  the  first  formation;  then  the  central  portion  of  the  bony  pL 
becomes  harder  and  less  cancellouB.    At  the  same  time,  the  plate  in^ 
creases  at  the  periphery  not  only  by  the  extension  of  the  bony  spicula 
but  also  by  deposits  taking  place  from  the  osteogenetic  layer  of  tl 
periosteum. 

The  primitive  spongy  bone  is  formed,  and  its  irregnlar  branchinj 
spaces  are  occupied  by  processes  from  the  osteogenetic  layer  of  the  peri- 
osteum consisting  of  numerous  blood-vessels  and  osteoblasts.     Portions 
of  this  primitive  spongy  bone  are  re-absorbed.     The   osteobhists  are  , 
arranged  in  concentric  successive  layers  and  give  rise  to   concentrieJ 
Haversian  lamellas  of  bone,  while  the  irregnlar  space  in  the  centre  it| 
reduced  to  a  well-formed  Haversian  canal,  containing  the  usnul  blood- 
vessels, the  portions  of  the  primitive  spongy  bone  between  the  Haversia 


mptfk  with  the  cf  lUi  of  tbe  Incti  r. 
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.1  bone  of  a  ImmiLn  embryo,  thirteen  werk»  old.    ._,  _, 
Ts  of  osteobJutB!  r.  Th«  lau«r  tn  tratislttoD  to  booef 


systems  remaining  ns  inkrsfUhxl  or  gronnd-lamellie  (p.  59).  The  bnlk 
of  the  primitive  spongy  bone  is  thus  gradually  converted  into  compact 
bony-tissue  ol  Haversian  systems.  Those  portions  of  the  ingrowths 
from  the  deeper  layer  of  the  periosteum  which  are  not  converted  into 
bone  remain  in  the  spaces  of  the  cancellous  tissue  as  the  red  marrow. 

Ossification  in  Cartilage. — Under  this  heading,  taking  the  femur 
as  a  typical  example,  we  may  consider  the  process  by  which  the  solid 
cartilaginous  rod  which  represents  the  bone  in  the  feet  us  is  converted 
into  the  hollow  cylinder  of  compact  bone  with  expanded  ends  formed  j 
of  cancellous  tissue  of  which  the  adult  femur  is  made  up.  We  must 
bear  in  mind  the  fact  that  this  fcetal  cartilaginous  femur  is  many  times 
smaller  than  the  medullary  cavity  even  of  the  shaft  of  the  mature  boni 
and,  therefore,  thut  not  a  trace  of  the  original  cartilage  can  be  presen' 
in  the  femur  of  the  adult.  Its  purpose  is  indeetl  purely  temponiry;  and 
after  its  calcification^  it  is  gradually  and  entirely  absorbed  as  will 
presently  exphiined. 
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The  cartilaginoiia  rod  which  forms  the  foetal  femur  is  sheathed  in  u 
membrane  termed  the  perichondrium,  ^f^hich^  bo  far  resembles  the  peri- 
team  described  above,  as  to  consist  of  two  layers,  in  the  deeper  one  of 
rhich  spheroidal  cells  predominate  and  blood -Yeeaels  abound,  while  the 
Inter  layer  consists  mainly  of  fusiform  cells  which  are  in  the  mature 
9oe  gradually  transformed  into  fibres*     Thus,  the  differences  between 
foBtal  peridiondriuiii  and  the  periosteum  of  the  adult  are  such  as 

usually  exist  between  the  embry- 
onic and  mature  forms  of  connec- 
tive tissue. 

Between  the  hyaline  cartilage 
of  which  the  foeta!  femur  eonsists 
and  the  bony  tissue  forming  the 
adult  femur,  there  are  firo  chief 
intermediate    stages^ viz,    (1)    of 

^i    --^  --5       «=*       i=*       ^5. 


ic::«  <=-r    c3  ' 


^^  s 


Ft«,fl6, 


Fig.  07. 


n^  <1^4J—ff>fiH'  cartilage  ahowfng  loofM  of  b(ood-Te««plB. 

fS*  i7, — LJotigjtudinal  wcuon  of  oeislfytiig  cartUw)  from  the  htinierua  of  a  f oetAl  sheep.    Cal 
<4M.  mlbeeiile  are  seen  exteadlni:  between  tbe  oolumiui  of  caitila^  oeUa.    c,  CartiLa^  cells. 


calcified  cartilage,  and  (2)  of  embryonic  spongy  bone*    These  ma- 
tenab,  which  successively  occupy  the  place  of  the  foetal  cartilage,  are 
in  incceBsion  entirely  absorbed,  and  their  place  is  taken  by  true  bone. 
The  proc688  by   which   the  cartilaginoue  is  transformed    into    the 
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bony  femur  may  however  be  divided  for  the  Bake  of  dearness  into 
following  s  i\r  si  ages  : — 

Siat/e   L — ^Proliferation   and    Calciftcation. — As    ossification 
commeDcing  tlie  cartilage  cells  in  and  nenr  the  centre  of  ossification 
come  enlarged  and  proliferate,  arranging  themgehes  in  rows  corresf 
ing  to  the  long  axis  of  the  bone  (fig.  07),     Lime  salts  are  next  deposit 
in  the  form  of  fine  granules  in  tlio  hyaline  matrix  of  the  cartilage^ 
ihi^  gradually  becomes  transformed  into  a  number  of  calcified  trabecn 


^-.^. 


n%i 


•  .T.«< 


r^-. 


K 


1/ 


Fro.  t:fl.— Tmtii»ver»e  Bection  of  a  portion  of  a  metacarpfll  l»one  of  a  roetufi,  showing— i,  flb 
liiypr  **!  r»^riortteiim;  2,  o«t«ogvnetic  layer  oT  dittc):;  a,  ^wrlnBlt^iil  ijon**:  -1,  citrtilitKe.  «itli  inatr 

gruduiillv  btK^ujiiiu^  c&lclAtid,  ofl  ft.t  5,  wtih  c^Un  iu  prriinary  nrti'Dia':;  bt^yuiid  5Uie  caleifitH]  matrix: | 
pIok  entirely  replaced  bjr  «pongy  hotm.     x  WO.    i\\  1>,  Itarria.) 

(fig.  68,  5),  inclosing  alveolar  Bpaco.s,  which  are  iho primary  areolw^  ai 
which  contain  cartilage  cells.  The  cartilage  cells,  gradually  enlarging 
become  more  transparent,  and  finally  undergo  disintegration,  Durii 
tins  stage  the  perichondrium  haa  become  the  periosteum,  and  is 
ginning  to  deposit  bone  on  the  outside  of  the  cartilage. 

Stage  2.— Vascularization  of  the  Cartilag^e.— Processes  fro 
the  osteogenetic  or  cellular  layer  of  the  periosteum  containing  bk 
Tesaels  break  into  the  substanco  of  the  cartilage  and  grow  much  as  ii 
insinuates  itself  into  the  cracks  and  crevices  of  a  wall.  Tliis  begins  j 
the  "centres  of  ossification,"  from  which  the  blood-vessels  spread  chief 
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op  mid  down  tbeBhaftf  etc.  Thus  the  subatauce  of  the  cartilage,  which 
preTiously  coDtaiued  uo  vessels,  is  traversed  hy  a  number  of  braDohed  au&s- 
LlosMieing  chanuels  formed  by  the  eiihirgemout  and  eoalesceuce  of  the 
r^fMces  in  which  the  cartilage-cells  lie,  and  containing  loops  of  blood- 
Tesiseb  (fig,  GO)  and  spheroidal  cells  which  will  become  osteoblasts.  By 
further  absorption  of  some  of  the  trabecule  larger  spaces  are  devel- 
opedt  which  contain  cartilage-cells  for  a  very  short  time  only,  their 
places  being  taken  by  the  so-called  oateogenetie  layer  of  the  periosteum 
nhich  constitutes  the  primary  murrow. 

Sta^je  3. — Substitution  of  Embryonic  Spongfy  Bone  for  Carti* 
lag^e.^ — The  cells  of  the  primary  marrow  arrange  themselves  as  a  contin- 
«oii6  layer  like  epithelium  on  the  calcitied  traheculie  and  deposit  a  layer 


j^"' 
.^* 


m 


s^^^ 


z:^ 


^.>. 


Tm.  1B.—X  ironll  botet^d  nUMi  of  hone  nex*  ihp  pertoit4*uni  f^f  the  lower  jaw  of  human 
taiu  fs^  0«t««^K^n^tiu  Uijerof  iMfioeteiiiu.  y,  rmilriDuclear  K^ant  etHls.  the  one  on  the  left  actJTiK 
mwotaaJbij  like  an  OBt«ocl««t.  Above  c.  th&  osteobLajsts  are  aet^n  to  becomu  furrouodect  by  an 
I  Bwtrbc*     iKkLi  and  Koble  Hmitli.) 


•rf  bone,   and  ensheath  tbem:  the  calcified   trabecoloe,  encased  in  the 

i^dl6sd^a  of  /oung   bone,  been  me  gradually  absorbed,  so  that  finally  we 

vetmbeculae  composed  entirely  of  spongy  bone,  all  trace  of  the  orig- 

[  calcified  cartilage  having  disappeared.     It  is  probable  that  the  large 

itoncleated  giant-cells  termed  osfeochtsfs  by  Kolliker,  which  are  de- 

from  the  oBteoblasts  by  the  multiplication  of  their  nuclei,  are  the 

ita  by  which  the  absorption  of  calcified  cartilage,  and  subsequently 

[ibryonic  spongy  bone,  is  carried   on  {^g.  69,  (/}.     At  any  rate,  they 

\  almost  always  found  wherever  absorption  is  in  progress. 

Thes«  sta^t'i*  are  precisely  similar  to  what  goes  on  in  the  growing 

ift  of  a  bone  which  is  increasitig  in  length  by  the  advance  of  the 

of  ossification  into  the  intermediary  C4irtilage  between  the  dia- 

I  and  epiphysis*     In  this  ease  the  cartilage-cells  become  flattened 

tid,  moltiplying  bv  division,  are  grouped  into  regular  columns  at  right 

5 


F1^.  70,— Tran»Terw  auction  thPOiiRh  tii«  tibia  of  a  twtiil  kitten,  ^^ml-diaicmnmiAtio. 
.  i  enust*?iiiJii.  O,  Oiteogont'tic  layer  r»f  the  jH'doit^uiii  nhnwlnp  thf^c«l<^>blii«t8atTanjeed  skdi 
ftiJe,  rf  pri?S(:^ted  ai  pearHSliaped  black  dots  oa  the  «urface  of  tUe  newiy-form*^!  bone.  R  Thep 
osteal  bone  deDoetUMi  So  miocesaive  ln>i?rs  lienf^Ath  ihe  perioatt'um  anil  enalieathhiK  E,  thespoi 
eadochoodra]  Done;  repreflented  aa  more  deeplv  ^hiuled.  Within  the  trabeculeB  of  endt^hoiM 
imongy  ijotieari?  seen  the  remainis  of  the  calcitfed  cartilage  tmbeculos  repre*eiitt«l  oa  dark  w 
Ubes.  C,  The  medulla,  wltb  V,  V«  vdn^.  Id  the  lower  half  of  the  figure  too  eadoi^hondral  apai 
boue  hwA  been  completely  alworbed^    iLKlehi  and  Noble  ScDUfa.) 


2,  and  3  filiow  the  successivo  changes  whidb  voonr  at  ifte  centre  of  \ 

flhaft.  Pel  ioateal  bone  is  at  the  same  time  depositeil  in  successive  h\\* 
beneath  the  periosteum,  i,e.j  at  the  circtimfirenre  of  the  shaft,  exactly 
described  in  the  section  on  ossification  in  mtimbrane,  and  thus  a  caai 
of  periosteal  bono  is  formed  aronnd  the  einbr^^onic  endochondral  spon 
bone:  tliia  casing  is  thickest  at  the  centre,  wliero  it  ia  first  formed. 
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itkiDSOut  toward  each  eod  of  the  ghaft.     The  embrjonie  spongy  bone  is 
[liaorbedf  through   the  agency  of  osteoclaeta,   its   trabcciilaB   becomtDg 
gradually  tbiDiieci  and  its  meahes  enlarging,  and  linally  coalescing  into 
one  great  cavity— the  medullary  cavity  of  the  ehuft. 

Staffe  5.— Absorption  of  the  Inner  Layers  of  the  Periosteal 

ae.— The  absorption  of  the  endochondral  gpongy  bone  ia  now  com- 

,and  the  medullary  cavity  is  bounded  by  periosteal  bone:  the  inner 

liyers  of  this  periostejil  bone  are  next  absorbed,  and  the  medullary  cavity 

ii  thereby  enlarged,  while  the  deposition  of  bone  beneath  the  periosteum 


'44-l~ 


tw.. 


/' 


■'^- 


1  FlK  Tt—Tr^DTtrm  aectloo  of  femur  of  a  htuniin  embrjo  about  eleven  weeks  old.  n,  Eudiraei*. 
^  Wif  Hii«mttu  ouml  Id  cros*'«ectioQ ;  b,  lu  tooj^tudliial  8ecti^>u;  c,  ostiiobljisiv;  d,  uewLjr  formal 
"•fc^ot  mimtmaat  of  >  ligtityr  color;  cr^  IhaX  of  greaUT  age;  /,  laciuub  with  th«^lr  cell*;  g,  a  cell  still 
lad  to  so  ov&eobtasu    (Prey.) 


eoDtinties  as  before.     The  first- formed   periosteal   bone   is   spongy   in 
chunicter. 

Stage  G. — Formation  of  Compact  Bone*^The  transformation  of 

I  ipoQgy  periosteal  bono  into  compact  bono  ia  effected  in  a  manner  exactly 

liniikr  to  that  which  has  been  described  in  connection  with  ossification 

'niue  (p,  61).     The  irregularities  in  the  walls  of  the  areola?  in 

TV  >inriH  are  absorbed,  while  the  osteoblasts  which  line  them  are 

centric  layers,  each  layer  in  turn  becoming  ossified  till 

uvely  large  apace  in  the  centre  is  reduced  to  n  well-formed 

anul  (fig.  71).     When   once  formed,  bony  tissue  grows  to 

Fume  extent  interstitially,  as  ia  evidenced  by  the  fact  that  the  lacunte  are 

I  iither  further  apart  in  full-formed  than  in  young  bone. 
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From  the  foregoing  description  of  the  development  of  bone,  it  will  bi 
seen  that  the  common  terms  ossification  in  cartilage  and  ossification  in 
membrane  are  apt  to  mislead^  since  they  seem  to  imply  two  processei 
radically  distinct.  The  process  of  ossification^  however,  is  in  all  casei 
one  and  the  same,  all  true  bony  tissue  being  formed  from  membrana 
(perichondrium  or  periosteum);  but  in  the  development  of  such  a  bona 
as  the  f  emur,  which  may  be  taken  as  the  type  of  so-called  ossification  in 
cartilage,  lime-salts  are  first  of  all  deposited  in  the  cartilage ;  this  calci- 
fied cartilage,  however,  is  gradually  and  entirely  re-absorbed,  being  nlti* 
mately  replaced  by  bone  formed  from  the  periosteum,  till  in  the  adult 
structure  nothing  but  true  bone  is  left.  Thus,  in  the  process  of  "  otei- 
fication  in  cartilage,^'  calcification  of  the  cartilaginous  matrix  precedes 
the  real  formation  of  bone.  We  must,  therefore,  clearly  distinguiBh 
between  calcification  and  ossification.  The  former  is  simply  the  infil- 
tration of  an  animal  tissue  with  lime-salts,  and  is,  therefore,  a  change  of 
chemical  composition  rather  than  of  structure ;  while  ossification  is  the 
formation  of  true  bone — a  tissue  more  complex  and  more  highly  organ- 
ized than  that  from  which  it  is  derived. 

Centres  of  Ossification. — In  all  bones  ossification  commences  at 
one  or  more  points,  termed  centres  of  ossification.  The  long  bones,  €,g»w 
femur,  humerus,  etc.,  have  at  least  three  such  points — one  for  the  ossifi* 
cation  of  the  shaft  or  diapht/sis,  and  one  for  each  articular  extremity 
or  epiphysis.  Besides  these  three  primary  centres  which  are  always 
present  in  long  bones,  various  secondary  centres  may  be  superadded  for 
the  ossification  of  different  processes. 

Growth  of  Bone. — Bones  increase  in  le7igth  by  the  advance  of  the 
process  of  ossification  into  the  cartilage  intermediate  between  the  dia- 
physis  and  epiphysis.  The  increase  in  length  indeed  is  due  entirely  to 
growth  at  the  two  ends  of  the  shaft.  This  is  proved  by  inserting  two 
pins  into  the  shaft  of  a  growing  bone:  after  some  time  their  distance 
apart  will  bo  found  to  be  unaltered  though  the  bone  has  gradually  in- 
creased in  length,  the  growth  having  taken  place  beyond  and  not  be- 
tween them.  If  now  one  pin  be  placed  in  the  shaft,  and  the  other  in 
the  epiphysis  of  a  growing  bone,  their  distance  apart  will  increase  as  the 
bone  grows  in  length. 

Thus  it  is  that  if  the  epiphyses  with  the  intermediate  cartilage  be 
removed  from  a  young  bone,  growth  in  length  is  no  longer  possible; 
while  the  natural  termination  of  growth  of  a  bone  in  length  takes  place 
when  the  epiphyses  become  united  in  bony  continuity  with  the  shaft. 

Increase  in  thickness  in  the  shaft  of  a  long  bono  occurs  by  the  depo- 
sition of  successive  layers  beneath  the  periosteum. 

If  a  thin  metal  plate  be  inserted  beneath  the  periosteum  of  a  grow- 
ing bone  it  will  soon  be  covered  by  osseous  deposit,  but  if  it  be  put  be 
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ireen  the  fibrous  and  osteogenetic  layers  it  will  never  become  enveloped 
in  bone,  for  all  the  bone  is  formed  beneath  the  latter. 

Other  varieties  of  coonectlve  tissue  may  become  ossified,  €,g.^  the 
Ltodoiis  in  some  birds. 

Fuactions  of  Bones*— Bones  form  the  framework  of  the  body;  for 
this  they  are  fitted  by  their  hardness  and  solidity  together  with  their 
compaiative  lightness;  they  serve  both  to  protect  internal  organs  in  the 
Inmk  and  skull,  and  as  levers  worked  by  ninscles  in  the  limbs;  not- 
fithatanding  their  hardness  they  possess  a  considerable  degree  of  ehis- 
ticitj,  which  often  stives  them  from  fracture. 

The  material  of  which  the  chief  portion  of  the  teeth  is  made  up, 
Dentine,  is  frequently  classed  with  bono  and  as  one  of  the  con- 
fMctive  tissues.  The  other  constituents  of  the  teeth  also  resemble  bone 
tQ  jtnictnre  to  a  considerable  degree;  it  will  be  as  well  therefore  to  give 
m  tliis  place  some  account  of  the  fvelh. 

The  Teeth. 

During  the  course  of  hia  life,  man,  in  common  with  most  other 
fiommalfl,  is  provided  with  two  sets  of  teeth;  the  first  set,  called  the 


;  Ti-  VtOrmal  WEU-formed  i&ws,  from  which  r-his  ttlrenlar  plat**  has  been  In  jirreatjpart  removed, 
■0  aa  to  cdpose  Ui*  dereloplng  tif^roument  teeth  in  their  orypts  ia  the  jnwst.     CTowt^  j 


jry  or  milk  teeth,  makes  its  appearance  in  infancy,  and  is  in  the 

'  a  few  years  shed  and  replaced  by  the  i^econd  or  pennanent  set. 

The  temporary  or  milk  teeth  have  only  a  very  limited  term  of 

iftence. 

They  are  ten  in  number  in  each  jaw,  namely,  on  either  side  from  the 

le  line  two  ivcimra^  one  canine^  and  two  deciduous  molars^  and  are 

by  ten  permanent  teeth.     The  number  of  permanent  teeth  in 
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each  jaw  is,  howeyer,  increased  to  sixteen  by  the  deyelopment  of  tl 
molars  on  each  side  of  the  jaw,  which  are  called  the  permanent  or  t 
molars. 

The  following  formula  shows,  at  a  glance,  the  comparative  arran^ 
ment  and  number  of  the  temporary  and  permanent  teeth : — 


MOLARS. 
2 


OANINX. 
1 


Temporary  Teeth. 


Middle  Lnra  op  Jaw. 

ISC 

2 


INCISORS. 

2 


2 


CAKIHE. 

1 


2=10 


-=20 


=  10 


BICUSPIDS 
TRUE  OR  PRE- 

MOLARS.     MOLARS. 


Permanent  Teeth. 


Middle  Line  op  Jaw. 


CANINE. 

1 


INCISORS. 

o 


INCISORS. 

2 


CANINE. 
1 


TRUE 


BICTBPIDS 
OR  PRE- 
MOLARS. 

2  3 


3 


I 


3 


From  this  formula  it  will  be  seen  that  the  two  bicuspid  or  pre-moli 
teeth  in  the  adult  are  the  successors  of  the  two  deciduous  molars  in  tl 
child.  They  differ  from  them,  however,  in  some  respects,  the  temporm 
molars  having  a  stronger  likeness  to  the  ^wrmanent  than  to  their  imm 
diate  descendants  the  so-called  bicuspids,  besides  occupying  more  spa 
in  the  jaws. 

The  temporary  incisors  and  canines  differ  from  their  successors  bi 
little  except  in  their  smaller  size  and  the  abrupt  manner  in  which  the 
enamel  terminates  at  the  necks  of  the  teeth,  forming  a  ridge  or  thi( 
edge.     Their  color  is  more  of  a  bluish-white  than  of  a  yellowish  shade 

The  following  tables  show  the  average  times  of  eruption  of  tl 
Temporary  and  Permanent  teeth.  In  both  cases  the  eruption  of  ai 
given  tooth  of  the  lower  precedes,  as  a  rule,  that  of  the  correspondii 
tooth  of  the  upper  jaw. 

Temporary  or  Milk  Teeth. 

The  figures  indicate  in  months  the  age  at  which  each  tooth  appeals. 


LOWER  CENTRAL 
INCISORS. 

UPPER  INCISORS. 

KIR8T  MOLARS  AND  LOWER              r-AVivB-a 
LATERAL   INCISORS.         |             CAMNKS. 

SECOND  MOLAB 

6  to  9 

8  to  12 

VZ  to  15                     18  to  24 

24  to  80. 
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Permanent  Teeth. 

The  agie  at  which  each  tooth  is  cut  is  indicated  in  this  table  in  years. 


BICCi^IDft  OR   FR.E' 


10 


12  to  14 


BBOOND 
MOLARS 


12  to  15 


taitUi 
MOLAIIA  OR 
WiaOOMA. 


IT  to  25 


The  times  of  ernption  given  in  tke  above  tables  are  only  approxi- 

tt»te:  the  limits  of  variation  being  tolerably  wide.     Some  children  may 

CQt  their  first  teeth  before  the  age  of  six  months,  and  others  not  till 

Dwlj  the  twelfth  mouth.     In  nearly  all  case^  the  two  central  incisors 

of  the  lower  jaw  are  cut  first,  theao  being  succeeded  after  a  short  inter- 

^  bv  the  fonr  incisors  of  the  npppr  jaw;  next  follow  the  lateral  in- 

tore  of  the  lower  jaw,  and  so  on  as  indic:ited  in  the  table  till  the  com* 

pWon  of  the  milk  dentition  at  about  the  age  of  two  years.     Certain 

iiMAses  aflecting  the  botiy  skeleton,  e,g.,  Rickets ^  retard  the  eruptive 

ptriod  considerably. 

The  milk-teeth  usually  come  through  in  batches,  each  period  of 

eruption  being  succeeded  by  one  of  quiescence  lasting  sometimes  sevenil 

BioathflL     The  milk-teeth  should  be  in  use  from  the  age  of  two  up  to 

^thin  a  few  months  of  the  time  fur  their  successors  to  appear.     Their 

[WeBtiou  serves  the  purpose  of  preserving  the  neceeeary  space  eutlicient 

for  tile  sneceeding  permanent  teeth  to  occupy. 

It  is  important  to  notice  that  it  is  a  mohtr  which  is  the  first  tooth  to 
lecat  in  the  permanent  dentition,  not  an  incisor  as  in  the  case  of  the 
femporary  set,  and  also  that  it  appears  behind  the  last  deciduous  molar 
W3  each  side. 

The  third  molars,  often  called  WUdt^mSf  are  sometimes  unerupted 
hrough  life  from  want  of  sufficient  jaw  space  and  the  presence  of  the 
lUier  teeth:  and  in  highly  civilized  races  there  are  evidences  to  show 
kst  they  are  in  process  of  suppression  from  the  dental  series;  cases  of 
pbole  families  in  which  their  absence  is  a  characteristic  feature  being 
veasionally  met  with. 

When  the  teeth  are  fully  erupted  it  will  be  observed  that  the  upper 
iciflors  and  canines  project  obliquely  over  the  lower  front  teeth  and  the 
XtevnsA  cusps  of  the  upper  bicuspids  and  molars  lie  outside  those  of 
le  corresponding  teeth  in  the  lower  jaw.  This  arrangement  allows  to 
Kme  ertent  of  a  scissor-like  action  in  dividing  and  biting  food  in  the 
Ne  of  incisors;  and  a  grinding  motion  in  that  of  the  bicuspids  and 
lolars  urben  the  side  to  side  movements  of  the  lower  jaw  bring  the  ex- 
imtl  cuspe  of  the  lower  teeth  into  direct  articulation  with  thoso  of  the 
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meanwhile,  nntil  when  the  tooth  breaks  through  the  gnm  it  is  co?ere>^ 
by  an  nncalcified  layer  of  the  keratin-like  substance  which  is  calle<c5 
Nasmyth's  membrane.  At  this  time  the  other  layers  of  the  enamel  cap 
have  disappeared. 

The  cement  or  crusta  petrosa  is  formed  from  the  internal  tissue  o>t 
the  tooth  sac,  the  structure  and  function  of  which  are  identical  witlm 
those  of  the  osteogenetic  layer  of  the  periosteum,  or,  in  other  words,  os- 
sification in  membrane  occurs  in  it. 

The  outer  layer  or  portion  of  the  membrane  of  the  tooth  sac  forma 
the  fibrous  dental  periosteufn. 

This  periosteum,  when  the  tooth  is  fully  formed,  is  not  only  a  meaxifl 
of  attachment  of  the  tooth  to  its  socket,  but  also  in  conjunction  witli 
the  pulp  a  source  of  nourishment  to  it.  Additional  laminsB  of  cement 
are  added  to  the  root  from  time  to  time  during  the  life  of  the  tooth,  »B 
especially  well  seen  in  the  abnormal  condition  called  exostosis,  by  the 
process  of  calcification  taking  place  in  the  periosteum.  On  the  other 
hand  absorption  of  the  root  may  equally  occur  through  the  same  mem- 
brane. 

In  this  manner  the  first  set  of  teeth,  or  the  milk-teeth,  are  formed; 
and  each  tooth,  by  degrees  developing,  presses  at  length  on  the  wall  of 
the  sac  inclosing  it,  and,  causing  its  absorption,  is  cut,  to  use  a  familiar 
phrase. 

The  temporary  or  milk-teeth  are  speedily  replaced  by  the  growth  of  ^ 
the  permanent  teeth,  which  push  their  way  up  from  beneath  them.         f 

Each  temporary  tooth  is  replaced  by  a  tooth  of  the  permanent  set  -■ 
which  is  developed  from  a  small  sac  set  by,  so  to  speak,  from  the  sac  ol 
the  temporary  tooth  which  precedes  it,  and  called  the  cavity  of  reservi  ., 
(fig.  78,  c,fp).  Thus  the  temporary  incisors  and  canines  are  succeeded  -i 
by  the  corresponding  permanent  ones,  the  temporary  first  molar  by  the  „ 
first  bicuspid,  the  temporary  second  molar  develops  two  offshoots,  one  ■ 
for  the  second  bicuspid,  the  other  for  the  permanent  first  molar.  The  '^ 
permanent  second  molar  is  budded  off  from  the  first  permanent  molar  )] 
and  the  wisdom  from  the  permanent  second  molar.  :' 

The  development  of  the  temporary  teeth  is  said  to  commence  about 
the  sixth  week  of  intra-uterine  life,  after  the  laying  down  of  the  bony  ; 
structure  of  the  jaws.     Their  permanent  successors  begin  to  form  about   . 
the  sixteenth  week  of  intra-uterine  life. 

The  second  permanent  molars  arc  believed  to  originate  about  the  • 
third  month  after  birth,  and  the  wisdom  teeth  about  the  third  year.  ■ 
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when  they  break  they  often  hare  abrnptly  rounded  or  square  eztremi 
Each  cell  of  these  consists  of  a  fine  sheath*  probably  elastic;  of  acei 
bundle  of  fibrils  representing  the  contractile  substance;  and  of  ai 
long  nucleus,  which  includes  within  a  membrane  a  fine  network  an 
niosing  at  the  poles  of  the  nucleus  with  the  contractile  fibrils, 
ends  of  fibres  are  usually  single,  sometimes  diTided.  Between  the  f 
is  an  albuminous  cementing  material  or  endomysium  in  which  are  f( 


M 


' ,  \H , 


V\^,  83.— nexus  of  bundles  of  imtriped  musde  ceU»  from  Uie  pulmonanr  pleura  of  ttie  Ouin 
X  1M>.    Cl^eiD  aud  Ni>bltf  Smith.)    A,  Braochini;  fibres;  B,  their  loa«  central  nuclei. 

connective-tissue  corpuscles,  and  a  few  fibres.  The  perimysium  is 
tinuouH  with  the  endomysium  in  the  fibrous  connective  tissue  surro 
ing  aud  separating  the  bundles  of  muscle  cells. 

Striated  Muscle. 

lUatrihution. — Striuted  or  striped  muscle  is  found  in  the  folio 
HituHtiouH.  It  constitutes  the  whole  of  the  muscular  apparatus  o: 
Mkelotoii,  of  the  walls  of  tlie  abdomen,  etc.,  the  whole  of  those  mt 
whicli  are  under  the  eoiitrol  of  the  will  and  hence  termed  voluntm 
well  as  certain  other  muscles,  <y/.,  of  the  internal  ear  and  pharyn: 
directly  un(h«r  the  control  of  the  will,  and  the  heart. 

iS'//*W(7///r.--For  tlie  sake  of  description,  striated  muscular  tissue 
bo  divided  int^i  two  classes,  (a.)  ,NXr/<7(;/,  which  comprises  the  wh( 
the  striated  muMcloH  of  the  body  except  (b.)  the  heart : — 

(a.)  Skeletal  Muscle.- -In  tlie  majority  of  cases  a  skeletal  m 
is  inclosed  in  »  "»»*«^*h  of  areolar  tissue  called  the  ejnmysium,  whi 
some  caser  lok  and  «>••   *  tot  investment,  while  in  other 

it  is  muo^  he  shop  '^  partitions  which  serve  to 

port  th"  ndl'  '  which  the  muscle  is  mad 

form]  perimyHum. 


THB   STBUCTURB   OF  THE   ELEKTENTABT   TISSUES.  S3 

1km  themselves  are  supported  in  their  fasciculus  by  a  scanty  amonnt 
rf  ireolar  tissne  containing  plasma  cells  and  ternieil  ^mdomt/aiunu 
Within  the  areolar  tissne  supporting  the  fasciculi  and  between  the  fibres 
at  coutained  the  blood -vessel  a  and  nerves  of  the  tissue. 

The  muscular  fibres  of  each  fascicnlus  are  parallel  to  one  another, 
I  geaeially  speaking  so  are  the  fasciculi  themselves,  except  that  toward 

their  terminations  they  may  converge  to 
their  insertion  into  the  tendon  of  the 
muscle.  The  fasciculi  extend  throughout 
the  whole  length  of  the  muscle,  but  they 
vary  in  size  and  in  the  number  of  their  con- 
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.  f^  8&.~Trsn«T«ne  nwlfoa  timnifirb  mtmculur  llbneo  c»f  humjui  tongiie.  The  tnuActtMH>rpiit6toK 
IneMted  by  thHr  ^ecpiyntJ^aed  nuolei  sitaftted  aX  the  iuaide  of  the  s&rcolerimia.  Each  niTiade- 
m  abenn  '*0ohiiheJin1i  ifelds,**  that  ia,  tlie  jnroous  eJtfimeDtH  in  traosrenie  «ecticici  Beparmt«d  liy 
W  (mmrnktly  linear)  InterstltiAl  substance,  x  4&0.  {KMn  and  Noble  Bmltii,) 
¥\g,  m.  —MujK^ulftr  fibre  torn  ftcroos;  the  nrcDieinma  kUU  eonoectini?  the  two  parbi  of  the  fibre. 
pU  and  Bowman,) 

hed  fibres,  both  in  different  muscles  and  also  in  the  same  muscle,  some 
tedes  having  coarse,  others  fine  fasciculi.  In  some  cases  it  would  seem 
It  the  perimysium  is  altogether  independent  of  tbe  external  sheath 
khe  maecle.  As  to  the  fibres  uf  which  the  bundles  are  made  up,  they 
Ire  a  distinct  elastic  sheath,  the  .mrcolefmfra;  their  size  varies  consid- 
Wy,  their  cross-section  being  from  lOO/i  to  10/Jt,  and  as  regards  their 


toocairied  I 


^— ^Igrto*'  *  itriped  muaclB-flbre  of  a  water  beetle  preparetl  with  abeolute  alcohol.  A, 
*:  Bv  Krauze's  inerabraae.  The  Barooiemma  shows  reeular  butit in^ti,  Jkbore  aad  below 
I  ara  seen  the  tranipajieiit  * ' lateiral  dieca ' '  Tbe  ebl^ f  i nam  of  a  tauietilar  oom- 
1  by  the  ^atroctll^  disc  compoacsl  of  aarooiis  e](*in«»ntB.  The  nibetance  of  the 
'  eJcoieots  has  coUm-tenl  murf?  at  the  eattrenilty  than  In  thw  eenOre:  heooethfs 
ri~)^!'fCf5'*"*i  T?*'*'  *>Ptical  effect  of  this  i»  that  the  contractile  (lb*c  appeani  to poneSB 
me  CDwc  of  H«$Ds«eQ^,  8*rveral  nuclei  of  muscle  corpusdei,  C  and  D«  are  ahowii,  and 
■aouiiuteoetwork.    x  800.    CKlern  and  Noble  Smith.) 

M  is  cylindrical  or  is  triunjE:u!ar,f|uadrilateral,  or  pen tan^kr  with 
liuigles.     In  length  the  fibres  seldom  exceed  an  inch  and  a  half 
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when  they  break  they  often  hare  abmptly  rounded  or  square  extren 
Each  cell  of  these  consists  of  a  fine  sheath,  probably  elastic;  of  ace 
bundle  of  fibrils  representing  the  contractile  substance;  and  of  a 
long  nucleus,  which  includes  within  a  membrane  a  fine  network  ai 
mosing  at  the  poles  of  the  nucleus  with  the  contractile  fibrils, 
ends  of  fibres  are  usually  single,  sometimes  divided.  Between  the 
is  an  albuminous  cementing  material  or  endomysium  in  which  are  1 


T\9. 88.~Plexiii  of  bundles  of  unstiiped  musde  cells  from  the  puhnonsfT  pleoim  of  the  Ouii 
X  IHO.    (Klein  and  Noble  Smith.)    A,  Branching  fibres;  B,  their  long  central  nucleL 

connective-tissue  corpuscles,  and  a  few  fibres.  The  perimysium  ii 
tinuouR  with  the  endomysium  in  the  fibrous  connective  tissue  sorr 
ing  and  separating  the  bundles  of  muscle  cells. 


Striated  Muscle. 

Distribution. — Striated  or  striped  muscle  is  found  in  the  folh 
situations.  It  constitutes  the  whole  of  the  muscular  apparatus  c 
skeleton,  of  the  walls  of  the  abdomen,  etc.,  the  whole  of  those  m 
which  are  under  the  control  of  the  will  and  hence  termed  volutUa 
well  as  certain  other  muscles,  e.g.,  of  the  internal  ear  and  pharyn 
directly  under  the  control  of  the  will,  and  the  heart. 

Structure. — For  the  sake  of  description,  striated  muscular  tissu 
be  divided  into  two  classes,  (a.)  skeletal,  which  comprises  the  wh 
the  striated  muscles  of  the  body  except  (b.)  the  heart: — 

(a.)  Skeletal  Muscle. — In  the  majority  of  cases  a  skeletal  n 
is  inclosed  in  a  sheath  of  areolar  tissue  called  the  epimysium,  wh: 
some  cases  is  a  very  thick  and  distinct  investment,  while  in  other 
it  is  much  thinner.  The  sheath  sends  in  partitions  which  serve  t< 
port  the  fasciculi  or  bundles  of  fibres,  of  which  the  muscle  is  mac 
forming  more  or  less  distinct  sheaths  for  them,  called /yerimymum. 


^  BL—Truttaxertm  neisikin  throui^h  muaeulor  fibres  t tf  liumao  lonfriie.    The  musole^MirptiKles 

llaitrrt  br  their  dc>«>p}y-!4junod  nuolei  tftoaCed  at.  tho  kisii:Je  of  the  sarcolenmuu   Each  mtude' 

jfccmv  "dohnheim^H  fif?ltls»"  liuit  Itt,  tbesarcsous  ^^lenioiitit  in  tnuuivierfkc^ section  Bepor&ted  by 

BV  (tapmrraixly  linear)  interntjiial  substance,    x  450.    (Klr-in  and  Noble  Bmitii*) 
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ihm  themselves  are  supported  in  their  fasciculus  by  a  scanty  amount 
0/  areolar  tissue  containing  plasma  cells  and  termetl  eufhmt/i^hinu 
Within  the  areolar  tisene  supporting  the  fasciculi  and  between  the  fibres 
ire  contained  the  blood-vessels  and  nerves  of  the  tissue. 

The  muscular  fibres  of  each  fasciculus  are  parallel  to  one  another, 
md  generally  speaking  so  are  the  fasciculi  themselves,  except  that  toward 

their  terminations  they  may  converge  to 
their  iusertion  into  the  tendon  of  the 
muscle.  The  fasciculi  extend  throughout 
the  whole  length  of  the  muscle,  hut  they 
vary  in  size  and  in  the  number  of  their  con- 


SB8 


Flg.BS. 


Fte.84. 


;  tlie 


sUU  connecting  th«  two  parts  of  Uie*  fibre. 


Mned  fibres,  both  in  dififerent  muscles  and  also  in  the  same  muscle,  some 
having  coarse,  others  fiue  fasciculi.  In  some  crises  it  would  seem 
it  the  perimysium  is  altogether  independent  of  the  external  sheath 
the  muscle.  As  to  the  fibres  of  which  the  bundles  are  made  up,  they 
iVe  a  distinct  elastic  sheath,  the  mrriflntima;  their  size  varies  consid- 
bly,  their  cross-section  being  from  lUO/i  to  10;^,  and  as  regards  their 


^'^f^Jrt  of  A  striped  muacle-flbre  of  a  water  beetle  prepared  with  abcKilutc  alcohol.  A, 
B»a;  RKrause's membrane.  The  sarcolemma showa  regiilAr  b«il>nngH.  Abor© and  below 
OMTOranc  are  aecn  the  transparent  "lateral  disca."  Tlie  ehi+^f  mas*  of  li  irmsciilHr  cinii- 
iOoeairied  by  the  con  tractile  disc  composed  of  aarooua  dHoients,  The  Muktiani-f  of  tho 
araoua  eletnenta  baa  collected  more  at  the  ejttremlty  than  in  the  centra* :  heD«ethla 
,  ""J*»wM>^»*reiit.  The  optical  effect  of  this  is  that  the  ooatractUe  disc  ftppeftra  to  poeMSS 
■Madiac  '  clHsc  of  Hensen^.  Several  nuclei  of  muscle  corpiiscles,  C  amJ  D,  are  shown,  uid 
**•  a  mUBite  network,    x  80a    CKlein  and  Nobl©  SmlthO 

»,it  is  cylindrical  or  is  trijingnlar,  quadrilateral,  or  pen tungular  with 
ded  angles.    Jn  length  the  fibres  seldom  exceed  an  inch  ^nd  a  half 
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when  they  break  they  often  have  abruptly  rounded  oraqnareextremiti^i^ 
Each  cell  of  these  consists  of  a  fine  sheath,  probably  elastic;  of  a  cent 
bundle  of  fibrils  representing  the  contractile  substance;  and  of  an< 
long  nucleus,  which  includes  within  a  membrane  a  fine  network  anast^^^ 
mosing  at  the  poles  of  the  nucleus  with  the  contractile  fibrils.  Tl»^ 
ends  of  fibres  are  usually  single,  sometimes  divided.  Between  the  fibr0^ 
is  an  albuminous  cementing  material  or  endomysium  in  which  are  fonn^'- 


Fig.  88.— nexus  of  bundles  of  uostriped  muscle  cells  from  the  pulmonary  pleara  of  the  fiulwi  jtr 
X  IW).    (Klein  and  Noble  Smith.)    A,  Branching  fibres;  B,  theh- long  oentral  nucleL 

connective-tissue  corpuscles,  and  a  few  fibres.  The  perimysium  is  con- 
tinuous with  the  endomysium  in  the  fibrous  connective  tissue  sarroand- 
ing  and  separating  the  bundles  of  muscle  cells. 

Striated  Muscle. 

Distribution. — Striated  or  striped  muscle  is  found  in  the  following 
situations.  It  constitutes  the  whole  of  the  muscular  apparatus  of  the 
skeleton,  of  the  walls  of  the  abdomen,  etc.,  the  whole  of  those  mnsdei 
which  are  under  the  control  of  the  will  and  hence  termed  voluntary,  aa 
well  as  certain  other  muscles,  e.(/.,  of  the  internal  ear  and  pharynx  not 
directly  under  the  control  of  the  will,  and  the  heart. 

Structure. — For  the  sake  of  description,  striated  muscular  tissue  may 
be  divided  into  two  classes,  (a.)  skeletal,  which  comprises  the  whole  of 
the  striated  muscles  of  the  body  except  (b.)  the  heart: —  \^ 

(a.)  Skeletal  Muscle. — In  the  majority  of  cases  a  skeletal  rnuadk^ 
is  inclosed  in  a  sheath  of  areolar  tissue  called  the  epimysium,  which  fa^ 
some  cases  is  a  very  thick  and  distinct  investment,  while  in  other  cam i>- 
it  is  much  thinner.     The  sheath  sends  in  partitions  which  serve  to  sup*  ^ 
port  the  fasciculi  or  bundles  of  fibres,  of  which  the  muscle  is  made  um 
forming  more  or  less  distinct  sheaths  for  them,  called  p&rimyHum^    Tbt  ~ 
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fibfoi  themselves  are  supported  in  their  fEBciciihis  by  n  scanty  amount 
af  areolar  tissue  containing  plasma  cells  and  termed  endtmit/Mum* 
Within  tlie  areolar  tissue  supporting  the  fasciculi  and  between  the  fibres 
if(*coatiuDed  the  blood-vessels  and  nerves  of  the  tissue. 

The  mascular  fibres  of  each  fascicnlns  are  parallel  to  one  another, 
wd  generally  speaking  so  are  the  fasciculi  themselves,  except  that  toward 

their  terminations  they  may  converge  to 
iheir  insertion  into  the  tendon  of  the 
muscle.  Tlie  fasciculi  extend  throughout 
the  whole  length  of  the  muscle,  hut  they 
vary  in  size  and  in  the  number  of  their  con- 


^D^i 


,^«5 


_  -  __iv«3©  fwction  tbrouj^h  tuuflcnil&r  (!br€«  of  human  tongiie.    The  muscle-corpunclesi 

I  bv  their  d«?eph  stainetl  nucU^l  situated  at  the  iiiHidp  of  tho  sarcolemma.    Each  muBclp 

"  Cohnlieim^s  fi*-MK,"  thnt  ia»  thesanxtus  elemeDtwiii  tmmJv«frw>BectioiiBepanittHl  by 

_  mtlT  linear)  ioteratitial  substanc*?.    x  4ao.    (KiHin  and  Noble  Smith.) 

L— Miwcular  flbret  torn  acroes;  Ctui  aanx>lenima  Ktlll  coTmectlng  the  twopartK  of  the  fibre. 

|aad  Biowman.) 

feained  fibres,  both  in  different  muscles  and  also  in  the  same  muscle,  some 
es  having  coarse,  others  fine  fasciculi*  In  some  cases  it  would  seem 
the  perimysium  is  altogether  independent  of  the  external  sheath 
the  muscle.  As  to  the  fibres  of  which  the  bundles  are  made  up,  they 
Ipe  a  distinct  elastic  sheath,  the  .sfireokmnm;  their  size  varies  consid- 
nMy,  their  cross-section  being  from  lUd/i  to  lO/i,  and  as  regards  their 


>».— Ftotog  a  striped  tntigcle-flhro  of  a  water  beeUe  prepared  with  aboolitte  alcohol    A« 
"      *;  B,Kfmaae'B  inembrane.    The  sarcolemxna  nhowii  rvsriilar  bTitf7injr»-    AboTo  and  below 
OMw^pa  *r»  aeti-ti  the  rruiisparatit  **  lateral  disca.""    The  chief  mam  of  a  musctiJar  cum- 
•■•oopwiAsd  try  the  contractile  diac  ootnpofied  of  sarcotis  dement*.    The  flubstanc«  of  tho 
n  eJameiiig  ha4  ooHtM-tet*  more  at  the  eitrt-nilty  than  tn  the  centrp:  hence  this 
apansnt.    The  optical  effect  of  this  is  thiit  the  cootractile  disc  appears  to  posfieBB 
I  <U«c '  (Diflc  of  H«ti«eti>,    Beveral  nucJei  of  muscle  corpusclcK^  C  and  V\  are  BbowQ,  and 
I  a  rainuto  iM«worlL    x  300,    (Klelfi  and  Noble  Stuith/) 


,it  is  cylindrical  or  is  triangular,  f^uadrilateral,  or  pentimgular  with 
angles.     In  length  the  tihrcs  seldom  exceed  an  inch  and  a  half 
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when  they  break  they  often  have  abruptly  rounded  or  square  extrei 
Each  cell  of  these  consists  of  a  fine  sheath,  probably  elastic;  of  ac 
bundle  of  fibrils  representing  the  contractile  substance;  and  of  ; 
long  nucleus,  which  includes  within  a  membrane  a  fine  network  a 
mosing  at  the  poles  of  the  nucleus  with  the  contractile  fibrils, 
ends  of  fibres  are  usually  single,  sometimes  divided.  Between  the 
is  an  albuminous  cementing  nmterial  or  endotnysium  in  which  are 


Fig.  88.— nexus  of  bundles  of  unstriped  muncle  cells  from  the  pulmonanr  pleara  of  the  Gu 
X  IW.    (Klein  and  Noble  Smith.)    A,  Branching  fibres;  B,  their  long  central  nude 

connective-tissue  corpuscles,  and  a  few  fibres.    The  perimysiwn 
tinuoua  with  the  endomysium  in  the  fibrous  connective  tissue  sur 
ing  and  separating  the  bundles  of  muscle  cells. 

Striated  Muscle. 

Distribution. — Striated  or  striped  muscle  is  found  in  the  fol 
situations.  It  constitutes  the  whole  of  the  muscular  apparatus 
skeleton,  of  the  walls  of  the  abdomen,  etc.,  the  whole  of  those  n 
which  are  under  the  control  of  the  will  and  hence  termed  volunt 
well  as  certain  other  muscles,  e.g.,  of  the  internal  ear  and  phary 
directly  under  the  control  of  the  will,  and  the  heart. 

Structure. — For  the  sake  of  description,  striated  muscular  tissi 
be  divided  into  two  classes,  (a.)  skeletal,  which  comprises  the  wl 
the  striated  muscles  of  the  body  except  (b.)  the  heart: — 

(a.)  Skeletal  Muscle. — In  the  majority  of  cases  a  skeletal  ] 
is  inclosed  in  a  sheath  of  areolar  tissue  called  the  epimysiumy  wl 
some  cases  is  a  very  thick  and  distinct  investment,  while  in  othe 
it  is  much  thinner.  The  sheath  sends  in  partitions  which  serve  1 
port  i\xQ  fasciculi  or  bundles  of  fibres,  of  which  the  muscle  is  mu 
forming  more  or  less  distinct  sheaths  for  them,  called  pwimyHunk 
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iiim  themselves  are  supported  in  their  fasciciiliK^  by  i%  scanty  amount 
af  ireolar  tissue  containing  plaama  cells  and  termed  endomi^^hiffu 
Within  the  areolar  tiBsne  fiupporting  the  fasciculi  and  between  the  fibres 
vt  contained  the  blood-vessels  ruid  nerves  of  the  tissue. 

The  muscular  fibres  of  each  fasciculus  are  pamilcl  to  one  another, 
ad  generally  speaking  so  are  the  fasciculi  themselves,  except  that  toward 

their  terminations  they  may  converge  to 
iheir  insertion  into  tlio  tendon  of  the 
muscle,  Tlie  fusciciili  extend  throughout 
the  whole  length  of  the  muscle,  but  they 
vary  in  size  and  in  the  number  of  their  con- 


91^.63; 


Fipf.SI. 


rv-  ^  — TnuKYtrae  sectioo  throiiicfa  muaculAr  fibres  of  human  tongii«^.    Th«  tnuacle-corpusctc^ 

loiletl  by  U3«ir  deeptv-fltaioed  Dudd  situated  at  the,  iiixuip  of  tb6  Barcotonun*.   Each  muflclr 

bem  ^Oohabelm^  fleldit.^*  that  is^  tbosarcouH  eleiti(;ntK  in  trunaTcrie  aadtkia  aeparated  by 

MiamKFvnUy  ItnearV  InterstltJal  sul»tanc«.    x  4fii).    i Klein  aiul  Noble  SmltlL) 

F^  M.— Muaoii&r  Hbre  Vom  acFtjm;  the  sarcoletuiiia  lAiil  coniuxUng  the  two  parts  uf  the  Abre. 

I  fMd  Ukd  Bowman.  > 

ptttned  fibres,  both  in  different  muscles  and  also  in  the  same  muscle,  some 

!]aving  coarse,  others  Hue  fasciculi*    In  some  cases  it  would  seem 

perimysium  is  altogether  independent  of  the  external  sheath 

[of  ihe  nmscle.     As  to  the  fibres  of  which  the  bundles  are  made  up,  they 

y  a  distinct  elastic  sheath,  the  sdn'olf'ffnnn;  their  size  viiries  consid- 

>ly,  their  cross-section  being  from  lOO/i  to  10;/^  and  as  regards  their 


-ir^^V^  *  •tT^P^  musole-flbre  of  a  water  beetle  prepamJ  with  abaolute  alcohol    A, 
■™**:  B^Enxue  a  mpmbran^.    The  mroolemiDa  ahowii  rarutar  buL^grii,    Above  ami  below 
nbnuie  an?  t*'*fn  tho  trjmspopent  ** Lateral  discs.''    Tne  chief  mam  of  a  muscular  ci>m- 
lO^Md  by  th*?  ixsntrat-tik"  diec  compOHed  of  earcoua  eJementa.    The  BubetaneQ  of  the 
_l«Qua  elemeQis  ha»  collected  more  at  the  <?xtremity  than  in  the  centre:  heocethia 
r  MiiMntanmnijut.    The  optical  effect  of  this  fs  that  the  coniraotih>  disc  appeare  to  poaneaa 
I  dJae    iDfac  of  HenHeoj.    Several  nuclei  of  muftcle  corpuscles,  C  and  D,  are  shown,  and 
latoioate&cstiroilc.    xaoo.    (Kleto  and  Noble  Smith. j 


•p«Jt  is  cylindrical  or  is  triangular,  quadrilateral,  or  pentangular  with 
«aded  angles.     In  length  the  tibres  seldom  exceed  an  inch  and  a  half 
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amels,  between  the  prisms,  are  small  lacuna,  or  'Mnterglobnlar  spaces' 
which  have  the  processes  or  fibrils  of  the  dentine  tubes  in  connection  wiil 
them  (fig.  77,  c). 

A 


Fig.  76.— Enamel  fibres.  A,  Frafrments  and  single  fibres  of  the  transveniely-fltriatod  eDAme 
Isolated  by  the  action  of  hydrochloric  acid.  B,  Surface  of  a  small  fragment  of  enainel,  showing  til 
hexagonal  ends  of  the  fibres  with  darker  centres,  or  not  ho  highly  calcified,    x  850.    (KOlliki0r.> 


III. — Crust  a  Petrosa, 

The  crusta  pefrosa,  or  cement  (fig.  75,  e,  ^/),  is  composed  of  true  bone 
and  in  it  are  lacunae  (/)  and  canaliculi  (</),  which  sometimes  communi' 
cate  with  the  outer  finely  branched  ends  of  the  dentine  tubules,  and 
generaUy  with  the  interglobular  spaces.  Its  laminae  are  as  it  were  boltetl 
together  by  perforating  fibres  like  tliose  of  ordinary  bone  (Sharpey's 
fibres).  Cement  differs  from  ordinary  bone  in  possessing  no  Haversiax 
canals,  or,  if  at  all,  only  in  the  thickest  part.  Such  canals  are  mor 
often  met  with  in  teeth  with  the  cement  hypertrophied  than  in  tb 
normal  tooth. 

Development  of  the  Teeth. 

Development  of  the  Teeth. — The  first  step  in  the  development  of  tJ 
teeth  consists  in  a  downward  growth  (fig.  78,  a,  1)  from  the  Rete  3Iu 
pighi  or  the  deeper  layer  of  stnitified  epithelium  of  the  mucous  meii 
bnme  of  the  mouth,  which  first  becomes  thickened  in  the  neighborhoc 
of  the  maxilla?  or  jaws  now  in  the  course  of  formation.  This  proce^ 
piisses  downward  into  a  recess  of  the  imperfectly  developed  tissue  of  ti 
embryonic  jaw.  The  downward  epithelial  growth  forms  the  primaK 
enamel  organ  or  enafnel  (jerm,  and  its  position  is  indicated  by  a  sligb 
groove  in  the  mucous  membrane  of  the  jaw.  The  next  step  in  the  pro 
cess  consists  in  the  elongation  downward  of  the  enamel  groore  and  o\ 


fu\ 
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i^  M -TIilii  KitUon  of  the  enamel  and  a  part  of  the  d<?ntiiie.  a,  Cutlciilar  pelllcli>  of  the 
^^1  iV^<Ti:ytit-  infmbraneK  b,  euamel  ilbre»,  or  coliitiitift  ^ith  Qssuivm  betweipu  tbem  and 
.*  ^'"'^  ;ivitiea  in  rhe  enamel,  comomnJeiitiiig  with  tho  eitremitiea  of  some  of 

^  \f-- ' *  -  I ii?,upper  jaw  of  a  foetal  shi^ep.    A.— 1,  Coniinoti  enamel  germ  dfoplng:  dowTi 

^  ^iinKn.  Ill'  tnr. rune:  ::j,  pftlatjne  proeesB  i>f  jftw;  a.  rete  Mal|ilKliL    B,— Section  Kirultftr  to  A, 
jl«tsaosth^juj^h  nijf  ^.f  Th(  >*pe(  ial  euanuil  iferam  liere  becoming  Biisk-ahapGd;  t\  r\  ►firhellura 


ih^^"l  /■  nwJ*:  ,'"  t»i>tly  of  stK-i-jjil  enamel  ^emi,    C  -A  lflt«r  fltdge;  c,  outlin*  of 
if^j**mt.iiient  t*M»lli;  m,  bbueof  jaw;  t^  vessela'cut  across. 


.        -      ,      — ^     -  -, T^- ^.     -_...- ^p^»  >^  .,„.,.„w  ^.  -  t'i'fi^-liiii'i  o' 

/^oeck  of  fiminej  j^eriii:  f\  I'tinriiel  orpttn;  p,  papilla;  *,  dental  sac  forming^:  //>,  the  euamd 
*         *  '  '  WaldeyerftiidKtJlinEer.)    CJopied 


P^,  into  a  number  of  special  enamel  germs  corresponding  to  each 
<*^ the  above-mentioned  milk-teeth^  and  connected  to  the  common  germ 
*J  I  Harrow  neck.  Each  tooth  is  thne  placed  in  its  own  special  recess  in 
*^<>aibrjronic  jaw  (tig,  78,  B,  //), 
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As  these  changes  proceed,  there  grows  np  from  the  nnderljing  tissiE^ 
into  each  enamel  germ  (fig.  78,  c,  p),  a  distinct  vascular  papilla  (dental 
papilla),  and  upon  it  the  enamel  germ  becomes  moulded,  and  presents 
the  appearance  of  a  cap  of  two  layers  of  epithelium  separated  by  an  in^ 
terval  (fig.  78,  c,/^).     While  part  of  the  sub-epithelial  tissue  is  eleyateA 
to  form  the  dental  papillae,  the  part  which  bounds  the  embryonic  teeth 
forms  the  dental  sacs  (fig.  78,  c,  a);  and  the  rudiment  of  the  jaw,atfirslr 
a  bony  gutter  in  which  the  teeth  germs  lie,  sends  up  processes  forming' 
partitions  between  the  teeth.     In  this  way  small  chambers  are  produced 
in  which  the  dental  sacs  are  contained,  and  thus  the  sockets  of  the  teeth 
arc  formed.    The  papilla,  which  is  really  part  of  the  dental  sac  (if  one 
thinks  of  this  as  the  whole  of  the  sub-epithelial  tissue  surrounding  the 
enamel  organ  and  interposed  between  the  enamel  germ  and  the  develop- 
ing bony  jaw),  is  composed  of  nucleated  cells  arranged  in  a  meshwork. 


FiK  79.— Piut  of  section  of  ilev«lopin|c  toinh  of  a  voun^  rat.  Bhowin^  the  mode  of  depoaitloo  of 
the  lieutine.    HiKhly  iua|nurteil.    d.  Outer  layer  of  ftillr  formed  denlhie;  6.  uncalcifled  nimtrix  ~'"*^ 


on««  or  t^o  ni>lule«  of  oalcaremui  matter  near  the  caloifled  parts:  c.  odontoblasts  ftendini;  pn 
intotlie^lentlne:  «!.  iHilp:  c,  fiwifonn  or  we^lire-sliape  cells  foun«l  between  odontoblasts:  /.  stellate 
wlls  of  pulp  in  tl tennis  ixnmtvtive  tianie.  The  section  is  stained  in  carmine,  which  colors  the  on- 
calcined  matrix  Init  not  tlie  i^aMiled  part.    vG.  A.  SchAfer.) 

tho  outor  or  poriphoral  part  being  covered  with  a  layer  of  columnar  nu- 
oloatod  cells  called  I'tlonfnhhtfifs.     The  odontoblasts  possibly  form  the 
dentine,  while  the  remainder  of  the  papilla  forms  the  tooth-pulp.     The 
method  of  the  formation  of  the  dentine  from  the  odontoblasts  is  said  to 
be  as  follows:  The  cells  elongate  at  their  outer  part,  and  these  processes 
are  directly  converted  into  the  tubules  of  dentine  (fig.  79,  <*)•  and,  ao- 
cordiui:  to  some,  into  the  containe«l  fibrils  as  well.     The  continued  ft>r- 
matiou  of  deiitiue  proceeds  bv  the  elong:ition  of  the  odontoblasts,  and 
their  subscc.ucnt  cor.vorsion  by  a  process  of  v^alcifi^uion  into  dentine  tu- 
bules.    The  most  rcci':\:ly  formed  tnbules  are  not  immediately  calcified. 
The  vieutir.c  t;brils  co!;:air.cv;  iv.  the  tubules  are  &ud.  by  others,  to  b^ 
formed  frov.\  't^rcccssos  v^f  tV.c  vicctur  'aytr  of  odontoblasts,  which  ara 
wev:::cd  :•:  be:  woo  r.  tbcoV.so:  ti-.o  s'.;;.\r:-vial  layer  ^fii:.  Ts>.«>  which  foTVX 
the  r.ibv.'cs  »'v'y.      T'utc  arc  sc\c:. il  ''.c  rics  uron  these  points.     Th3 
matrix,  ;u\o*.,l:v.i:  :o  Tt-.^rx*  rcvcv.t  \iows.  :s  fcrr.uv:  by  a  calcification  of 
the  nbrv^r.s  x'ov,rcc:;vc  :i>>:;c  s:ovo'.^)h\;  i**.  tb.o  v.sv:]!:^. 

;hc  m.iiv.  ;vr::ov.  of  each  tooth,  i.e.,  tb® 
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dentifle,  each  of  them  early  takes  the  shape  of  the  crown  of  the  tooth 

to  which  it  corresponds.     As  the  dentine  increases  in  thickness  the 

papillffi  diminish,  and  at  last  when  the  tooth  is  cut  only  a  small  umoont 

of  tJie  papilla  remains  as  the  dental  pulp,  and  is  eupplied  by  vesseb  and 

DafTe§  which  enter  at  the  end  of  the  root.     The  shape  of  the  crown  of 

tie  tooth  is  taken  by  the  corresponding  papilla,  and  that  of  the  single 

or  double  root  by  the  subsequent  constriction  below  the  crown,  or  by 

dimion  of  the  lower  part  of  the  papilla.     The  number  of  roots  being 

ioreabadowed  by  the  number  of  arteries  going  to  the  papilla.     The  root^ 


I  Jig,  8n.^Vertical  tranaTense  aectlon  of  the  dental  sac,  piilp»  «tc.,  of  a  kitten,    a.  nental  papiU* 
~"'p:  b,  ihe  cap  of  flentiiie  fonnt^l  upnti  the  summit^  c,  fta  coverinff  of  enamel;  a,  inner  layer  of 
Uum  of  liM?  eoAmei  orgAti;  «,  leelatijioua  tissue;  /,  outer  epithelinl  layer  of  the  enamel  organ; 
I  f,  tsi»r  laytr,  and  h,  outer  layer  of  detitaJ  sac.    X  14.    (Thiersjcii.  > 


ire  not  completely  formed  at  the  time  of  the  eruption  of  the  teeth,  but 
lobeequeoily- 

The  enacne]  cap  is  found  later  on  to  consist  (fig.  80,  d,  £•,/)  of  four 

parts:  (1)  an  inoer  membruDe,  compoi^cd  of  a  layer  of  columnar  epithe- 

Uum  in  contact  with   tho  dentine,  called  enamel  cells;  (2)  outside  of 

Ibese  one  or  more  layera  of  ^nuill  polyhedral  nucleated  cells  (draium  in- 

ifrmfdium  of  Hannover);  (3)  an  outer  membrano  of  several  layers  of 

]rim;  (4)  a  middle  membrono  formed  of  a  matrix  of  non-vasciil.ir 

-  .Luus  tissue,  containing  stellate  cells.     The  enamel  is  formed  by  tho 

«ii«md  cells  of  the  inner  membrane,  by  the  deposit  of  a  keratin-like 

*obaianoe,  which  subsequently  undergoes  calcification  and  forme  the  tirsit 

^}^f*    Other  layers  are  formed   in  the  sam**  manner,  the  cells  retiri?  g 
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meanwhile,  until  when  the  tooth  breaks  through  the  gum  it  is  coTe 
by  an  uncalcified  layer  of  the  keratin-like  substance  which  is  calle^^ 
Masmyth's  membrane.  At  this  time  the  other  layers  of  the  enamel  ca^' 
have  disappeared. 

The  cement  or  cruata  petroaa  is  formed  from  the  internal  tissue  o^ 
the  tooth  sac,  the  structure  and  function  of  which  are  identical  wifbP- 
those  of  the  osteogenetic  layer  of  the  periosteum,  or,  in  other  words,  o»^ 
sification  in  membrane  occurs  in  it. 

The  outer  layer  or  portion  of  the  membrane  of  the  tooth  sac  fonni 
the  fibrous  dental  periosteum. 

This  periosteum,  when  the  tooth  is  fully  formed,  is  not  only  a  meant 
of  attachment  of  the  tooth  to  its  socket,  but  also  in  conjunction  with  -: 
the  pulp  a  source  of  nourishment  to  it.  Additional  laminae  of  cement  k*- 
are  added  to  the  root  from  time  to  time  during  the  life  of  the  tooth,  ■■ 
especially  well  seen  in  the  abnormal  condition  called  exostosis,  by  the 
process  of  ciilcification  taking  place  in  the  periosteum.  On  the  other 
hand  absorption  of  the  root  may  equally  occur  through  the  same  mem- 
brane. 

In  this  manner  the  first  set  of  teeth,  or  the  milk-teeth,  are  formed; 
and  each  tooth,  by  degrees  developing,  presses  at  length  on  the  wall  of 
the  sac  inclosing  it,  and,  causing  its  absorption,  is  cuty  to  use  a  familiar 
ph  ruse. 

The  temjwrary  or  milk-teeth  arc  speedily  replaced  by  the  growth  of 
the  permanent  teeth,  which  push  their  way  up  from  beneath  them. 

Each  temporary  tooth  is  replaced  by  a  tooth  of  the  permanent  set 
which  is  developed  from  a  small  sac  set  by,  so  to  speak,  from  the  sac  of 
the  temporary  tooth  which  precedes  it,  and  called  the  cavity  of  reserve 
(fig.  78,  c,fp).  Thus  the  temporary  incisors  and  canines  are  succeeded 
by  the  corresponding  permanent  ones,  the  temporary  first  molar  by  the 
first  bicuspid,  the  temporary  second  molar  develops  two  offshoots,  one 
for  the  second  bicuspid,  the  other  for  the  permanent  first  molar.  The 
permanent  second  molar  is  budded  olT  from  the  first  permanent  molar 
and  the  wisdom  from  the  permanent  second  molar. 

The  development  of  the  temporary  teeth  is  said  to  commence  about 
the  sixth  week  of  intra-uterine  life,  after  the  laying  down  of  the  bony 
structure  of  the  jaws.  Their  permanent  successors  begin  to  form  about 
the  sixteenth  week  of  intra-uterine  life. 

The  second  permanent  molars  arc  believed  to  originate  about  the 
third  month  after  birth,  and  the  wisdom  teeth  about  the  third  year. 
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IIL  Muscular  Tissue. 

There  are  two  chief  kinds  of  muscular  tissue,  differing  botli  in  mU 
[jflte  strxictare  as  well  as  in  mode  af  ucUqd,  viz.,  (1.)  the  plain  or  mr^ 
Uriaied^  and  (2,)  the  striaUd. 

Unstriped  or  Plain  Muscle. 

Distribution. — Unstriped  muscle  forms  tlie  proper  mnscular  coats 
(I.)  of  the  digestive  canal  from  the  middle  of  the  oefiophugiis  to  the  in- 
kmdl  sphincter  iini;  {Z.)  of  the  ureters  and  urinary  bladder;  (IL)  ui  the 
tncheaand  bronchi;  (4,)  of  the  ducts  of  glands;  (5.)  of  the  gall-blad- 
der; (d,)  ol  the  vesiculiB  seminales;  (7.)  of  the  pregnant  uterus;  (8,)  of 
Uood-vesaels  and  lymphatics;  (9.)  of  the  iris,  and  some  other  parts  of 


flC-  ^« — A-  Unstrfped  moacle  cells  from  the  meacDtcry  of  a  ne^rt.  The  sheath  pxhrbfts  trmJDS- 
lie  juAiidnKS.  X  1 W.  U,  From  a  siiDilar  pft*i«aration,  nhowhiK  tlmt  foch  muscle  cell  conmnts  of 
(kfitrmi  buudle  of  Qhnls,  t"*  (coniracUle  part;,  cuijnect«<]  with  {\m  intra-un clear  oetwork,  N«  and  a 
<«tii  wttb  juauulor  Uiiekemfugs,  Bt,  The  cells  sliow  vuiiet)tiiii»«  due  to  lucuij  cootractioii,  and  oo 
mt  Ifeoi  annular  tfaickeulugis  ai'e  luoat  ui&rkciJ.    x  ^^.    (KJclii  and  ^oblt;  Smith.) 

ttieeTe.  This  form  of  tisane  also  enters  largely  into  the  composition 
(10.)  of  the  tunica  dartoSyiho  contraction  of  which  is  the  principal  cause 
of  the  wrinkling  and  contraciion  of  the  scrotum  on  exposure  to  cold. 
Unsiriped  muscular  tissue  occurs  krgely  also  in  the  true  skin  generally, 
being  especially  abundant  in  the  interspaces  between  the  bases  of  the 
papillae.  Hence  when  it  eon  tracts  under  the  influence  of  cold,  fear, 
electricity,  or  any  other  stimulus,  the  papillie  are  made  unusually  prom- 
meni,  and  give  rise  to  the  peculiar  roughness  of  the  skin  termed  cniis 
amerina^  or  goose  skin.  It  occurs  also  in  the  superficial  portion  of  the 
colis,  in  all  parts  where  hairs  occur,  in  the  form  of  ihittened  roundish 
bandies,  which  lie  alongside  the  hair- follicles  and  sebaceous  glands. 
Tbej  pass  obliquely  from  withont  inward,  embrace  the  sobaceon a  glands, 
and  are  attached  to  the  hair  follicles  near  their  base. 

Sirudure. — Unstriatcd  muscles  are  made  up  of  elongated,  spiudle- 
•hspcd,  nndeated  cells  (fig.  83),  which  in  their  perfect  form  are  flat, 
from  about  g-^  to  y^  of  on  inch  broad  (7  to  8;^),  and  -^  toj^  of  an 
iDch  (^  to  ^  mm)  in  length  —very  clear,  grannlar,  and  brittle,  ao  that 
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when  they  break  they  often  have  abruptly  rounded  or  square  eztrem 
Each  cell  of  these  consists  of  a  fine  sheath,  probably  elastic;  of  aoe 
bundle  of  fibrils  representing  the  contractile  substance;  and  of  a 
long  nucleus,  which  includes  within  a  membrane  a  fine  network  ai 
mosing  at  the  poles  of  the  nucleus  with  the  contractile  fibrils, 
ends  of  fibres  are  usually  single,  sometimes  divided.  Between  the 
is  an  albuminous  cementing  material  or  endomysium  in  which  are  J 


Fig.  88.— nexus  of  bundles  of  unstriped  muscle  ceUs  from  the  pulmonary  pleara  of  the  GKiii 
X  IHU.    (Klein  and  Noble  Smith.)    A,  Branching  fibres;  B,  their  long  central  nuclei 

connective-tissue  corpuscles,  and  a  few  fibres.  The  perimysium  L 
tinuous  with  the  endomysium  in  the  fibrous  connective  tissue  sarr 
ing  and  separating  the  bundles  of  muscle  cells. 

Striated  Muscle. 

Distribution. — Striated  or  striped  muscle  is  found  in  the  foll< 
situations.  It  constitutes  the  whole  of  the  muscular  apparatus  c 
skeleton,  of  the  walls  of  the  abdomen,  etc.,  the  whole  of  those  mi 
which  are  under  the  control  of  the  will  and  hence  termed  volunta 
well  as  certain  other  muscles,  e.g.,  of  the  internal  ear  and  pharyn 
directly  under  the  control  of  the  will,  and  the  heart. 

Structure. — For  the  sake  of  description,  striated  muscular  tissu 
be  divided  into  two  classes,  (a.)  skeletal,  which  comprises  the  wh 
the  striated  muscles  of  the  body  except  (b.)  the  heart : — 

(a.)  Skeletal  Muscle. — In  the  majority  of  cases  a  skeletal  n 
is  inclosed  in  a  sheath  of  areolar  tissue  called  the  epimysium,  wh: 
some  cases  is  a  very  thick  and  distinct  investment,  while  in  other 
it  is  much  thinner.  The  sheath  sends  in  partitions  which  serve  t< 
port  the  fasciculi  or  bundles  of  fibres,  of  which  the  muscle  is  ma( 
forming  more  or  less  distinct  sheaths  for  them,  called  perimysium. 
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themselves  are  supported  in  their  fuseiculuB  by  a  ficanty  amount 
areolar  tissue  con  tain  iog  plasma  cells  and  termed  fudomi/siuffu 
Within  the  areolar  tiasne  supporting  the  fasciculi  and  between  the  fibres 
irf  coDtained  the  blood-vessels  and  nerves  of  the  tissue. 

The  muscular  fibres  of  each  fasciculus  are  parallel  to  one  another, 
lad  generally  speaking  so  are  the  fasciculi  themselves,  except  that  toward 

their  terminations  they  may  converge  to 
their  insertion  into  tho  tendon  of  the 
muscle.  The  fuscictili  extend  throughout 
the  whole  lengtli  of  the  muscle,  hut  they 
vary  in  size  and  in  the  number  of  their  con- 
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Fig.  84. 


tt.— TntfMvcrae  •BCtkm  through  muaculAr  fibrea  of  human  toncrtic^^    The  muade-corpuBdm 


I  br  th«ir  deep^^stftioed  nucJul  idtuAted  wl  the  titaide  of  the  uttrooliunmft.  Each  miiDcte- 
Ib  mamw  *'Gohiib«lta'a  fields,"  that  fa,  the  Baroaui  etemeDbt  in  tnumfenie  KCtfcni  wparated  b^' 
ir  it^/amreaUy  linear)  interBtttial  aabstance.    X  ^BO.    OXMa  and  Noble  Smith.) 
[  fte.  M.— Muacular  fibre  tom  acroaa;  the  aarcotemma  Btill  eoDnecttn^  the  two  porta  of  the  fibre. 
MoaiKl  Bovrmas.) 


bed  fibres^  both  in  different  muscles  and  also  in  the  Bame  muscle,  some 
nicies  having  coarse^  others  fine  fasciculi.  In  some  cases  it  would  seem 
It  tha  perimysium  is  altogether  independent  of  the  external  sheath 
the  muscle.  As  to  the  fibres  of  which  the  bundles  are  made  up,  they 
iTe  4  distinct  elafitic  sheath,  the  mn'olfmjftu;  tlicir  size  varies  consid- 
tiUy,  their  cross-section  being  from  100,^  to  lO.s  and  as  regards  their 


fJJ'— ^Jrt  of  a  itrlped  moade-flhre  ot  a  water  beetle  prepared  with  absolute  aJoohol.    A* 

™a;  B^Kraoiie*8 membratie.    The sarDolemina ahowa mmlar  biil^ngs.    Above aod  below 

I  meaaorane  are  seen  Uio  imn^parent  *'  Utcoml  diacta.'*    The  chit?f  mtiee  of  a  muscular  e»m- 

^Hoocapied  by  the  cootratrtJIt-  itisc  composed  of  sarooua  elemeDts.    The  aubataocti  of  the 

1  mttmm  etemeata  haa  eoMtft te<i  more  at  thfi  eitremlty  tluwi  to  the  centre :  hence  thJs 

-oretrapmreiit.    Tho  oi>tk3al  «?ITeet  of  thl?i  is  thnt  the  contractu©  disc  appears  topoaHeaa 

I  dJac     (Disc  of  Heunpu).    Several  nuclei  of  musclft  corpu^eu,  C  and  D,  are  abown,  and 

btffliSQte  network.    X  800.    (Klein  and  Noble  Stnith,) 

^it  is  cylindrical  or  is  triangular,  quadrilateral,  or  pentangular  with 
4ed  angles.     In  length  the  fibres  seldom  exceed  an  inch  and  a  half 
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(3.75  cm).  It  is  tbas  evident  that  the  same  fibre  does  not  extend  1 
one  end  of  a  musole  to  the  other,  and  indeed  it  is  known  that  in  i 
ciculus  fibrils  are  joined  together  by  rounded  or  angular  oxtremitie 
vested  witli  tlieir  proper  eheutb  the  sarcolemma. 

Each  muscuJar  fibre  then  is  thus  constructed : — ^Extemally  is  a 
transparent,  Btructnreless  raembrane,  the  sarcolemmat  which  in  the 
of  a  tubnlur  investing  eheutb  forms  the  outer  wall  of  the  fibre  andw^ 
contains  the  contr^ictile  mnterial  of  which  the  fibre  is  chiefly  made 
Sometimes,  from  its  comparative  toughness,  the  siircolenima  will  rei 
untorn,  when  by  extension  the  contained  part  can  bo  broken  (figJ 
and  its  presence  is  in  this  way  best  demonstrnted.  The  fibres  ard 
pale  yellow  color,  and  apparently  marked  by  fine  striae  which  pass  ti 
versely  round  them,  in  slightly  curved  or  wholly  parallel  lines. 


Flp.  Sfi.— A.  Portion  of  a  raecUum^fiue^l  human  tniisculAr  fibre.    X  Sno.    B*  Beporatnl  bufii 
vrkidU  cuuW  be  dtooched,  posalbly  ii?proaeiitiug  a  fein;,Io  Beri*«  of  aaTcoua  cUMoeDt.    ( SUiupej^^ 


sarcolemma  is  a  transparent  structureless  elastic  sheath  of  great 
unee  which  surrounds  each  fibre  (fig.  84).     There  is  still  some  dou 
garding  the  nature  of  the  fibrils. 

A  striated  muscle  fibre,  when  examined   with  a  sufficiently 
power  of  the  microscope,  presents  the  following  appeanmces,  looj 
dinally :— 

(a.)  Alternate  dark  and  light  parallel  iranaversB  stripes^ 
this  variety  of  muscle  owes  its  name,  the  depth  of  the  stripes 
always  being  the  same.  ^ 

(b*)  With  still  higher  powers  of  the  microaoope,  the  bright  6t| 


:1 
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be  seen  to  be  divided  in  the  middle  line  by  other  yerj  fine  trans- 
dwk  lines,  sometimes  called  IJobio's  line, 
(t)  Each  dark  stripe  may  also  sometimeB  be  seen  to  be  divided  by  a 

line,  called  Henson*8  disc, 
(d.)  Each  fibre  presents  an  appearance  of  longitudinal  striation  and 
ifter hnrdening  in  fJcohol  may  be  divided  by  teasing  with  needles  into 
p'tudinal  fibrils,  mare  or  less  cyliodricul  or  aogukr,  which  are  named 
!$cle  columns  or  sarcosttfles^  and  extend  throughout  each  fibre.  Each 
pf  these  appears  to  consist  of  short  columns  connected  together  by 
ifighX  intervals,  the  former  nre  the  sarvoua  elements  of  Bowman,  They 
Uj  possibly  be  further  longitudinally  striated,  and  so  made  np  of  finer 
brillaB  stilh 
After  treatment  with  reagents  the  fibre  may  be  split  up  into  trans- 
discs. 

(e.)  On  Transverse  Section. — The  fibre  preBcnts  most  extenially, 
ootline  of  the  snrcolemnia. 
(L)  The  muscular  substance  proper  appears  to  be  mapped  out  into 


k,  ST.— Three  mnimlAr  fSbnffl  ninolDp  lon^turtlnullyt  asd  twa  bundles  of  flbrw  In  tranftrerse  se 
bull,  ti^  fruoi  tbe  toogutf.    Tb»  eapillarii'si,  C,  <ki^  laJeciCid,     x  1>^-     Ci^it^iLi  ^D(J  Motile  ctUiitlLJ 


polygonal  areas  by  clear  lines  (fig,  83)  called  CohnlmnCs  fields^  the 
IBei  giving  the  appeanmce  of  a  meshwork.  The  lines  represent  the 
lusverse  section  of  the  cementing  material  between  the  sarcostyles, 
^liich  is  called  sarcoplasm, 

{g,)  Inmiediately  within  the  sarcolemma  in  ordinary  muscle  or  in 
the  centre  of  the  fibre  as  in  the  muscle  of  some  insects,  are  seen  clear 
0^  nuclei  called  mtiscle  7iuclei  or  muscle  corpuscle,  surrounding  which 
ascertain  amount  of  granular  protoplasm  (fig.  85). 

The  appearances  of  the  muscle  fibre  when  seen  under  the  micro- 
i^,  cannot  be  said  to  be  yet  thoroughly  understood,  and  have  given 
^5«e  to  various  theories  as  to  the  structure  of  striped  moscle,  to  several 
•'which  it  will  bo  as  well  to  allude. 

Muscle  Caskets  (Kranse)  Theory. — ^According  to  this  view  a 

*^icle  fibre  is  made  up  of  transverse  compartments,  bounded  laterally 

the  sorcoleBima^  and  above  and  below  by  a  fine  membrane,  called 
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Kraus^s  membrane,  which  passes  from  side  to  side  from  the  sarcolemnu 
across  the  light  stripe.  This  membrane  corresponds  to  Dobie's  lisfl 
The  transverse  compartments  are  divided  longitudinally  into  smallei 
ones  by  lines  which  correspond  with  the  boundaries  of  Cohnheim's  aresi^ 
and  each  such  compartment  is  termed  a  muscle  casket.  Within  thfl 
middle  part  of  the  casket  is  a  muscle  prism  made  up  of  darker  rods  o1 
contractile  materijil  called  muscle  rods,  and  above  and  below  the  roaicU 
prism  is  a  more  fluid  substance.  When  the  muscle  contracts,  the  Md 
substance  is  pressed  more  between  the  muscle  rods,  causing  them  to  bi 
further  away  from  one  another. 

Muscle  Reticulum  Theory. — According  to  the  views  of  certaii 
observers  (Retzius,  Melland,  Marshall,  van  Oehuchten,  and  Camoy),  tli 


Fig.  88 


FI^.SSiL. 


FV.  88.  — Trnnsvenae  seotk^n  of  odo  of  the  trunk  musclos  of  the  Ilippocaropus,  stained  in  chloilAl 
ofg\>Kl.    (R«>lk'it/> 

i-V-  f^^A.-  l\^rti»w  of  nmscle-flbre  of  Dytisctis.  showiuf;  network  very  plainly.  One  of  the  tnm 
▼erae  networks  is  split  oflT,  and  some  of  the  loniritudinal  bars  are  shown  broken  off.    (After  MeOaadO 

part  of  fresh  muscle  which  is  stained  in  chloride  of  gold,  is  a  meshwork 
of  tibrils  which  corresponds  to  the  intracellular  meshwork  of  ordinal] 
protoplasmic  cells,  i*.f\,  the  spongioplasm,  and  is  the  part  which  is  Um 
contractile  element  in  muscle.  The  meshwork  on  one  level  is  connectec 
with  the  meshwork  on  another  level  by  means  of  longitudinal  fibres^a 
the  junction  of  which  the  meshes  appear  more  or  less  knotted  (figs.  81 
and  88a).  The  longitudinal  fibres  of  the  network  are,  according  to  tht 
theory,  the  chief  agents  in  the  active  contraction.  The  transverse  mesh 
work  is  more  passively  elastic,  and  may  be  the  cause  of  the  speedy  relai 
ation  of  muscle  after  contraction  has  ceased.  The  material  filling  u] 
the  meshwork  is  a  more  fiuid  and  non>contractile  material. 

Kollett  has  minutely  criticised  the  idea  of  the  gold-staining  sub 
stance  of  the  fibre  being  the  contractile  portion.    His  views  are  th 


THE  STRUCT0M   OP  tttfi   ELEitENTAEr  TISSUEB. 


8? 


ag: — That  the  muacle-fibre  consists  of  longitodinal  fibrillaB 
Qped  together  into  muifck  coluinns^  which  are  fieeo  in  the  transverse 
tion  as  Cohnheim's  fields,  and  that  the  ioterculamniir  muterial  ia 
[U-fl^id  sarcoplasm,  A  muscle  column  oonsists  of  segments  ulter- 
idy  thin  and  thick^  while  in  the  centre  of  the  thin  portion  is  a  dark 
lirgement  forming  a  dot,  these  dots  in  Cohoheim's  arrangement  cor- 
ipond  to  Kmu6e*8  membrane. 
In  fresh  moscle,  at  low  focus,  according  to  this  view*  the  muacle- 
bhnms  appear  dark  and  the  sarcoplasma  appears  light,  the  former  are 
I i line  with  the  granules.  At  high  focus,  the  reverse  is  the  case,  but 
h  dark  aareoplasuia  is  now  seen  in  line  with  two  rows  of  granules 

Also,  that  in  gold-stained  preparations,  the  dark  row  of  granules  are 
tiikkntiuseii  of  the  sarcoplaama  between  the  thin  segments  of  the  muscle 


f  f '  ' 


tflf  IT! 
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4H  ill  II  litli 

^%.  tt.— fHajmrn  of  the  appearanoes  in  fr«*«h  musclp-flbre.    A.  At  low  focua  (b)  the  miiide 
■uiiB«ppetir  d*rk  and  iq  a  line  wirlj  tlit^  ^miiule4j.fta.rcc>|>lfLsin  lii^^tvL.     At  htf^h  focus  (A)  theittroo- 
Ifaibdiak^  tntiacJt)  ooJuiuii;!  %bt,  and  two  ruvrtt  of  (^raoulcu  appear  ia  a  line  with  the 
)itiligtmang  wjtti  the  muHcJe  etjlumiu).    (Marshall,  after  Hollett.> 


Qmoa,  whereas  the  two  rows  of  granules  do  not  correspond  with 
sev  but  alternate  with  fcbera,  belonging  ae  they  do  to  the  muscle 
inmgj  and  not  to  the  sarcoplasm, 

Scbttfer  has  thrown  considerable  light  upon  the  controversy  by  hav- 
ictually  observed  that  when  a  small  portion  of  the  living  wing- 
lole  of  insects  ia  teased  up  with  needles  in  a  small  drop  of  white  of 
the  aarcostyles  may  easily  be  separated  from  their  surrounding 
(iplaemy  and  may  be  actually  aetfn  to  coniract,  whereas  the  sarcoplasm 
r«  DO  Btich  property.  According  to  this  observer  such  a  sarcoat'^le 
be  examined  thus  isolated,  both  living  and  after  treatment  with 
NI8  reagents,  and  it  shows  alternate  hrigbt  and  light  stripes,  the 
r  being  bisected  by  a  line  which  corresponds  wtih  Krauae'a  mem- 
iu  Kniuse'a  membrane  divides  the  sureostyle  into  mrvomere.9,  which 
lit!  in  the  middle  the  strongly  refractive  disc-like  aarcous  element, 
above  and  below  it  hyaline  material,  which  is  bounded  by  Krause's 
tbrazie*  The  sarcous  substance  is  pcnctnited  by  canals,  which  ex- 
npward  and  downward  from  the  hyaline  auhstance  to  the  middle. 
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Tbo  sarcoQs  substance  stains  with  bsBmatozylin.    A  light  iDtennal  i 
bisect  the  sarcous  substance  if  the  fibre  is  stretched^  which  oorreqmidf 
with  Henseu's  disc. 

Appearances  under  Polarized  Light.— The  appearances  whiel 
muscle  presents  when  viewed  under  polarized  light  vary  aeoordiDg  is 
the  fibres  are  looked  at,  as  fresh  in  their  own  plasma,  or  as  hardened 
fibres  prepared  and  mounted  in  Canada  balsam. 

The  whole  of  the  living  fibre  may  be  doubly  refracting,  the  iaetio* 
pons  part  appearing  as  rows  of  dots  separating  transversely  the  princL- 
pal  material  of  the  fibre.     Shortly,  according  to  Schafer,  it  may  be  n^A 
that  the  sarcoplasm  is  singly  refracting,  and  that  the  sarcoslyle  ia  ^ 
great  part  doubly  refracting.     In  a  fibre  which  is  extended,  after  it  to*' 
been  hardened  in  alcohol  and  mounted  in  Canada  balsam,  there   ^^ 


^^^ 
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Fig. ».— SarportyU's  from  the  wln^musclm  of  a  wasp,    a,  a'.  Sarcostjles  ahowiiir  i 
retrAcUOQ  C?  cvtntrAoUi>n>.    b.  A  sarcuscyk*  exteodtrd  wiui  the  sarcous  elements  sepanued  t 
partA.    c.  SanttNtyUwmodorateljexteiuieil  (semidiagraaimatic).    ( 1^  A.  Schifer.) 

Fic  ttl.— Diaf^fam  of  a  sanct^mert^  in  a  moderait-ly  extemieJ  condition,  a.  and  in  a  contmettCS 
CondiiK^n,  a.  r,  k.  Krause's  meiubranttfi;  e,  plane  of  ilenson;  S.K.,  poriferous  saroous  etommti 
CK.  A.bihkfor.) 

alternnto  dark  and  light  bands,  the  former  corresponding  to  the  ligW 
intorvals  as  soon  in  ordinary  light,  and  the  latter  K>  the  various  elements. 
Wliou  the  fibre  is  more  contracted  the  dark  line  becomes  narrower,  and 
the  anisotropous  intervals  broader,  but  there  is  no  interval  of  the  bands 
on  oonlraotion.  It  apj>ears  further  that  the  chromatic  portion  only  of 
the  Sinreostylcs  is  anisotropous,  and  the  sarcoplasm  and  the  remainder  of 
the  fibre  is  isotroi>ous, 

\K\  Heart  Muscle. — The  muscular  fibres  of  the  heart,  unlike  those 
of  most  of  the  involuntary  muscles,  are  striated:  but  although,  in  this  ' 
rospoot,  they  resemble  the  skeletal  mu soles,  they  have  distingnishinK 
charaoioristios  of  their  own.     The  fibres  which  lie  side  by  side  are  united 
at  fni^quent  intervals  by  short  branches  i^tig.  0*;j).     The  fibres  are  smaller  * 
than  those  of  the  ordinary  striatovl  mr.solcs.  and  their  striation  is  lo0  ^ 
marked.     No  s;4nvlemma  can  be  viisoerne*!.     The  muscle-corpuscles  art 
situate  in  the  midulo  of  the  «ubsunoo  of  the  fibre;  and  in  correapond*  * 
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ce  with  these  the  fibres  appear  under  certain  conditions  subdivided 
lo  oblong  portiona  or  "  cells,"  the  offsets  from  which  are  the  raeuns  by 
[lich  the  fibres  branch  and  anastomose  one  with  another. 

It  should  be  noted,  however,  that  tlm  heart  muscular  Obres  are  not 
ie  only  ones  which  branch*  since  the  fibres  of  the  tongue  of  the  frog, 
ipecialW  where  they  ore  attached  to  the  mucous  membrane,  present 
Kia  peculiarity;  branching  muscular  fibres  have  also  been  noted  in  the 
tougne,  and  in  the  facial  muscles  of  other  animals.  And  again,  in  the 
inimals  in  which  two  kinds  of  skeletal  muscles  occur,  red  and  pale,  in 
\bfcTed  muscles  the  fibres  are  much  less  distinctly  striated  transversely, 
fhereas  their  longitudinal  stnation  is  more  marked  than  in  the  pide 
ttfietj.    They  are  also  finer  than  other  skeletal  muscles.    It  should  also 


[ 


ft— Muscular  fibre  celte  from  the  beart.    (K  A.  Schlfer) 

itl^hruui  ft  prenitiatioM  of  dm  uei'%e-teriiiiiiAlioti  id  thf  rauscular  flbrea of  a  snnke.    o, 
ouiy  bruuu  surfaced,    b,  Eiid  plate  oeeu  as  imrrow  tturftice.    (I^ngard  uDd  KJrixi.) 

I  added  that  in  these  red  muscles  the  sarcoplasm  is  much  developed, 
lil  the  muscle  nuclei  are  very  numerous,  and  may  be  situated  in  the 
iddle  of  the  fibre,  as  is  the  case  with  heart  muscle  fibres. 
Blood  and  Nerve  Supply, — The  voluntary  muscles  are  freely  sup- 
ied  with  blood-vessels;  the  capillaries  form  a  network  with  oblong 
ssbes  around  the  fibres  on  the  outside  of  the  sarcoleraraa.  No  vessels 
netrate  the  sarcolemma  to  enter  the  interior  of  the  fibre.  Nerves  also 
f  tnppUed  freely  to  muscles;  the  voluntary  muscles  receiving  them 
^m  the  cerebro-spinnl  system,  and  the  unstriped  muscles  from  the 
Dpatbetic  or  ganglionic  system. 

The  nerves  terminate  in  the  muscular  fibre  in  the  follow^nj;:  waya:^ — 
)  in  unstriped  muscle,  the  nerves  first  of  oil  form  a  plexus,  called 
>  ground  plexus  (Arnold),  corresponding  to  each  group  of  muscle 
sdlee;  the  plexus  is  made  by  the  auHstomosis  of  the  primitive  fibrils 
axis-cylinders*     From  the  ground  plexus,  branches  pass  off,  and 


again  anastomosing,  form  plexu&es  which  correspond  to  each  m 
bundle — intermediary  plexunes.  From  these  plexuses  brunches  coi 
ing  of  primitive  fibrils  piiss  in  Ix^tweeii  the  individual  fibres  and  ( 
tomose.  These  fibrils  either  send  ot!  finer  branches,  or  terminate  ti 
selves  in  the  nuclei  of  the  muscle  cells, 

(2.)  In  striped  muscle  the  nerves  end  in  moiarial  eftd-plaies^  hi 
first  formed,  as  in  the  case  of  unstriped  fibres,  ground  and  interme< 


^W 


aS^£2i,,::i 


Ffic.  94,— Two  striped  mmcle-flbirefl  of  the  hyoeSofgua  of  fro«.  a.  Nerve-end  plate;  ^ 
fibres  leaving  thv  end- plate;  c,  nerre-flbres,  terminauiig  after  dividing  Into  brancliee  d,  a  taut 
whJct]  two  oerve-fibrM  wuatomoee.    x&iO.    (Arndt.) 

plexuses.  The  fibres  are,  however,  mednllated,  and  when  a  branc 
the  in  termed  inry  plexus  passes  to  enter  a  muscle-fibre,  its  prira 
sheath  becomes  continuous  with  the  aarcolemma,  and  the  axis-cyli 
forms  a  network  of  its  fibrils  on  the  surface  of  the  fibre.  This  net 
lies  embedded  in  a  flattened  granular  mass  contnining  nuclei  of  so 
kinds;  this  is  the  motoriai  end-piaie  (figs.  93  and  94).  In  batrachii 
sides  end-platea,  there  is  another  way  in  which  the  nerves  end  in  the  m 
fibres,  viz.,  by  rounded  extremities,  to  which  oblung  nuclei  arc  attach 
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)cve!opment.^(l>)  Umtriped. — Tho  cells  of  unstiiped  muscle  are 
tderived  directly  from  cnibryonic  cella^  by  an  elongatioo  of  tlie  cell,  and 
jitsnucleuB;  the  latter  changiDg  from  a  yesicular  to  a  rod  shape. 

(1)  Striped. — ^Formerly  it  wa8  supposed  that  striated  flbrea  were 
lonned  by  the  coalescence  of  several  cells,  but  recently  it  has  been 
pQted,  that  each  fibre  is  formed  from  a  single  cell,  the  process  inyolv- 
liiganenormoag  increase  in  size,  a  multiplication  of  the  nucleua  by  fia- 
[  lion,  and  a  differentiation  of  the  cell-contents.  This  view  differs  hut 
little  from  another,  that  tho  muscular  fibre  is  produced,  not  by  multi- 
^hiim  of  cells,  but  by  jirrungement  of  nuclei  in  a  growing  mass  of 
jrotoplasm  (answering  to  the  cell  in  the  theory  Just  referred  to),  which 
beoomi^  gradually  differentiated  so  as  to  assume  tho  charactera  of  a  fully 
ikvdojieil  moscnlar  fibre. 

Growth  of  Muscle. — The  growth  of  muscles,  both  striated  and  non- 

ariiited,  ia  the  result  of  an  increase  both  in  the  number  and  size  of  the 

I  iadiYi^aal  elements.     In  the  preguaufe  uterus  the  fibre-cells  may  l>enomo 

pinkiged  to  ten  times  their  original  length.     In  involution  of  tho  uterus 

after  parturition  the  reverse  changes  occur »  accompanied  generally  by 

•wae fatty  infiltration  of  the  tissue  and  degeneration  of  tho  fibres. 

IV.  Nervous   Tissue* 

Jfervons   tissue  has  nsoally  been  described    as    being  composed   of 

two  digtiuct    substances,  nerve-fibres    and  nerve-celis.       The    modern 

*iew  of  the  nature  of   nerve-tissue  is,   however,   that   it  is   composed 

<*fon«  element  alone,  called  the   neurmi   or  nervo  unit,  embedded  in 

iiid  anpported  by  a  substance  called  neuroglia.     This  neuron  consists  of 

ifclj-bodv,  a  number  of  branching  processes  termed   (h'ndriie.s,   and  a 

J  process  running  out  from  it,  tho  ?av/m.ro«,  which  becomes  evontu- 

ilij a  nenre-fibre.     The  nen^e-cell  and  the  nerve-fibre,  are  really  parts  of 

itbentDeaoatomical  unit,  and  the  nervous  centres  are  made  up  of  these 

f  BBitE,  airanged  in  different  ways  throughout  the  neTvous system  (fig  94a). 

I  Tiie  different  neurons  do  not  unite  anatomically  with  each  other,  but 

J  independent  units,     A  further  description  of  these  structures  will 

JTen  later. 

Nerve-Fibres. 

While  the  nerve-fibre  is  really  to  bo  cousidered  as  a  process  of  the 
oene-cell,  it  is  conveuient  to  describe  it  separately. 

Voruties. — Nerve -fibres  are  of  two  kinds,  meduUated  or  ichii$  fibresy 
R)d  non-ffiedullaied  or  gray  fibres. 

Medullated  Fibres. — Each  meduUated  nerve-fibre  is  naado  up  of 
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the  foIlowiDg  parts: — (1.)  An  external  sheath  called  the primiiive 
stieath^  or  nucleated  sheath  of  Schwann;  (2.)  An  iutermeiliato  or 
ing  substance  known  as  the  medullary  or  myelin  slteaih^  or  whit 
stance  of  Schwann;  and  (3)  internally  the  axis-cylinder^  primitiTe 
axis  band,  or  axial  fibre. 

Althongh  these  parts  can  bo  made  out  in  nerves  examined 
time  after  death,  in  a  recent  specimen  the  contents  of  the  nerTe-i 
appear  to  bo  homogeneous.     But  bj  degrees  thej  undergo  changes 


FI|r.  Ma.— DUfmun  showiofr  the  orraoKement  of  the  neurons  or  nerre-unlts  In  the 
tore  of  the  nerroiia  ■y^tem.  If.  iSTeiiroviA  /.  and  //..  motor  iieumns;  iL  Jfeuroiis  i., 
maoaorj  neurons;  A,  Aeuivn,  ueocUtive  or  commiasural  neuron.    (Daua.) 


show  them  to  bo  composed  of  two  diUcrcnt  materials.  The  intei 
central  part,  occupying  the  axis  of  the  tube,  viz.,  the  axis-cjlind 
comes  grayish,  while  the  outer  or  cortical  poition,  or  white  snl 
of  Schwann,  becomes  opaqno  aud  dimly  granular  or  grumous,  us  i 
a  kind  of  coagulation.  At  the  same  time  tho  fino  outline  of  the 
ously  transparent  cylindrical  tube  is  exchanged  for  a  dark  doubl 
tour  (fig.  95,  b),  the  outer  lino  being  formed  by  the  sheath  of  th< 
the  inner  by  the  margin  of  curdled  or  coagulated  medullary  sub 
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.Bular  inateriiil  shortly  collects  into  little  masses,  which  distend 
ioos  of  the  tubular  memhrane;  while  the  in  termed  late  spucoa  col- 
e,  giving  tho  fibres  a  varicose,  or  bended  ::ppc.iranco  (6g.  f>5,  c  and 
LBstead  of  the  previous  cylindrical  form.  The  whole  contents  of 
nerve-tubules  are  extremely  soft,  for  when  subjected  to  pressuro 
If  x^Uy  puss  from  one  part  of  tho  tubular  eheath  to  another,  uiid 
lA cause  a  bulging  iit  tho  side  of  tho  membrane.  They  also  readily 
a]ie»on  pressure,  from  the  extremities  of  the  tubule,  in  tho  form  of  a 
mms  or  granolar  materiaU 

Tbe  external  nucleated  sheath  of  Schwann,  i:lso  called  the  fwtt' 
fflbnwui,  is  a  pellucid  membrane  forming  the  outer  in  vestment  of  the 


» 


Fi«,1». 


1i9B.'  'Primitive  nerve- flbrei*,  a,  A  perfectly  fresh  tubut^  with  a  sinicle  dark  outllDe.  »,  A 
•r  fibre  with  a  double  CH>Qtour  frofn  foinineucinfl;  post-iuortetii  ehiitige.  c.  Tb«  chaiig^M 
idTuctid.  prcMluduj^  a  VArtoosd  or  b«'«wle<i  appearauce.  o.  A  tubule  t»r  fibre,  the  cerairal 
which^  in  coa«^qucnc<}  of  sLill  f urthur  cLaurts,  has  oc^umuL^ted  in  B<j<paratii>  ijtortlons  within 

Jm.^^Two  iierre-ftbreM  of  scintic  nervo.    a*  Norln  rf  RanTier.    a.  Axii-cylinder.    o.  Sheath 
fiwiiiia.withitucld.    X  800>    (Kir ia  and  Noble  Smith  0 


Fig.  9ft. 


rr^fibre.  Within  this  delicate  etnictureless  membrane  nuclei  are 
iit  intervals,  surrounded  by  a  variable  amount  of  protoplasm.  The 
tath  is  etnicturcle&B,  like  the  sarco!emraa,  and  the  nuclei  appear  to  be 
ibin  it:  together  with  tlie  protoplaam  which  surrounds  them  they  are 
liidics  of  embryonic  cella^  and  from  their  resemblance  to  the  muGcle 
poscles  of  striated  muscle  may  be  termed  nerve-corpuscles.  They  are 
Qy  stained  with  logwood  and  other  dyes. 

The  medullary  or  myelin  sheath  or  white  substance  of  Schwann 
Hie  part  to  which  the  peculiar  opaque  white  aspect  of  medullnted 
i«iiftdaa     Tho  thicknesB  of  this  layer  in  nerve-fibres  varies  oonsid- 
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erabljy  at  one  time  being  very  well  deyeloped,  at  another  forming 
very  thin  investment  of  the  axis  cylinder.  It  is  a  semi-flnid,  fatt] 
stance^  and  in  the  fibre  possesses  a  doable  contour.  It  is  said 
made  up  of  a  fine  reticulum  (Stilling,  Klein),  in  the  meshes  of  wli 
embedded  the  bright  fatty  material.  It  stains  well  with  osmic  acii 
According  to  McCarthy  this  sheath  is  composed  of  small  rods  i 
ing  from  the  axis-cylinder  to  the  external  sheath  of  Schwann*  I 
times  the  whole  space  is  occupied  by  them,  while  at  other  timi 
rods  appear  shortened  and  compressed  laterally  into  bundles  emb 
in  some  homogeneous  substance.  According  to  oth< 
servers'  the  sheath  is  made  up  of  segments  whic 
either  cylindrical  or  funnel-shaped  {sections  of  L 
mann).  It  is  not  definitely  decided  that  these  di^ 
exist  naturally  in  the  nerve-fibre.    In  nerves  hardei 
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Fig.  97.— A  node  of  Ranvier  in  a  ine<lullated  nerve-fibre,  viewed  from  above.  Tlie  mc 
sheath  ifl  interrupted,  and  the  primitive  tiheath  thickened.  Copied  from  Axel  Key  and  J 
X  780.    (  Klein  and  Noble  Smith.) 

Fijf.  1»H.— (Iruy,  i>ale,  or  ^latinous  nerve-flbrea.  A.  From  a  branch  of  the  olfactorj  nert 
sheep;  two  darktiorciered  or  white  fibres  from  the  fifth  pair  are  associated  with  the  pale  d 
fibres.    B.  From  the  sympathetic  nerve,     x  450.    (Max  Schultze.) 

alcohol,  it  is  possible  to  demonstrate  a  very  chromatic  recticulum  i 
medullary  sheath,  which  is  supposed  to  be  of  a  horny  nature,  sii 
oiTers  much  resistance  both  to  chemical  reagents  and  to  digestive  : 
{horny  reticulum  or  neuro-keratin  network). 

The  axis-cylinder  consists  of  a  largo  number  of  primitive  _/f6 
This  is  well  shown  in  the  cornea,  where  the  axis-cylinders  of  n 
break  up  into  minute  fibrils  which  form  terminal  networks,  and  al 
the  spinal  cord,  where  these  fibrillae  form  a  large  part  of  the  gray  m\ 
From  various  considerations,  such  as  its  invariable  presence  and 
broken  continuity  in  all  nerves,  though  the  primitive  sheath  oi 
medullary  sheath  may  be  absent,  there  can  be  little  doubt  that  the 
cylinder  is  the  essential  part  of  the  fibre,  the  other  parts  havini 
subsidiary  function  of  support  and  possibly  of  insulation. 
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Nades  of  Ranvier — At  regular  intervals  in  most  mcthillited  nerves 
the  ntideuted  slieatli  of  Schwann  piiSvsessos  unniilur  coustrictirjiis:   Lhrse 
we  called  nodes  of  Ra/nnt^r,    At    thesQ  poiDte    (fig,    9?),     the  contin- 
uity of  the  lueiiulLiry  wliitt^  eubstsiiice  ia  iuternipted,  and  the  primitive 
iheath  eomc8  intrt  imuiedi.tte  cuniact  witli  the  axis-cylinder.     The  seg- 
ment ttf  the  fibre  between  two  nodes  is  termed  an  internode,  and  the 
length  of  the  internodeg  vuries  in  different  nerves;  their  average  is  sjiid 
Utile  1mm,     There  is  only  one  nerve  nucleus  to  each  internode.     At 
«ich  node  the  internodes  itre  nnited  within  the  external  shesith  by  a 
h.\n4,conMrictin(j  band  of  Ranvier  (fi^.  101  )^  and  this  stains  black  with 
silvur  nitrate;  the  axis-cylinders  at  the  nodes  also  are  capable  of  being 


?So.-Tl 


t^— TfftDHtisna  sect.inn  nf  sciatic  n^rve  nf   the  rubJiif .   bttnlf»n«!<1  In  diromJe  acid  and! 


^ — : — y^^  pJcnxauTniiie,  iMt4l  wJtowim;  Inmellar  H}ieAt]ii,  |:N!*ri|'h<-rie  eonn^fcliv*-  tisstje,  aiiil  Intra- 
fil^mrcociiMscUvtB  ils»u«.  >.  MW  and  rtMlin.-efl  one-hait  a,  IVrifaw  "k'ulttp  connective  tissnijf*;  b. 
wiilai  ^braUi;  c,  iuLra-fasclcutar  cooaoctlve  tigsij^;  d.  nerve  flbre  cut  across,  BhowrLoff  nudbi  ol 
naaajne;  ,,  axk^c; Under. 

«tained  with  the  same  reagent,  and  so  a  node  of  Ranvier  when  stained 
»ith  silver  nitrate  is  marked  by  a  black  cross. 

Site. — The  size  of  the  nerve-fibres  varies  (fig.  99);  it  is  said  that 
(baame  fibres  may  not  preserve  the  same  diameter  through  their  whole 
biigth.  The  largest  fibres  are  found  within  tlie  trunks  and  branches  of 
tie  flpinal  nerves,  in  which  the  majority  measure  from  14 A/i  to  19;^  in 
diuneter.  In  the  so-called  visceral  nej*ves  of  the  brain  and  spinal  cord 
ttedullated  nerves  are  found,  the  diameter  of  which  varies  from  hSf^  to 
W^  In  the  hypoglossal  nerve  they  are  intermediate  in  size,  and  gene- 
aHj  measure  7.2;i  to  10,8,«. 

Non-medullated  Fibres.— The  fibres  of  the  second  kind  (fig,  98) 
•hich  are  also  called  fibres  of  Remak,  constitute  the  principal  part  of 
Uic  trunk  and  branches  of  the  sympaUieUc  mrv$s,  the  whole  of  the 
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olfactory  oerve,  and  are  mingled  in  Yarions  proportions  in  the  cerebu 

Bpinul  nerves.     Tliey  differ  from  tbo  preceding  chiefly  in  llieir  tjtiene 
being  only  about  ^  to  |  as  large  in  their  course  within  the  tninKs 
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Tig.  too.— TmacviFnn  section  of  tbe  iid&tlc  nerve  of  a  cat  about  x  100,— It  con!«ists  of  bUQ 
(Funicufi)  of  ii^rv<e-ntinaaeiiB)kfvittu>fdi  liiii  flbrr>ijj(  Hiippt^rtinj^cd pilule,  epineurium.  A;  eibch  t 
hna a  Hp«»cial  sheath  foot  sufncit^dily  iiiarki*«i  oul  fmm  tUt-  rptneurium  inthHflinirB)orpcrtrfu?Mrii 
B:  tlict  uervt^flbrf>H  N  /  ar«  neiKiraied  (m  ii  one  anothir  Uy  endimeurium ;  L»  lyinpa  spftoee;  t 
arUjry ;  V»  vein;  F,  fat.    boiuewhat  diaGi*aiimmtic.    (V.  JJ.  Harria.) 

branches  of  the  nerves;  in  the  absence  of  the  double  contour;  in  the 
contents  beinjiij  apparently  uniform;  and  in  their  haTing,  when  in  bni 
dies,  a  yeilawidi-gray  huo  instead  of  the  wht tenets  of  the  cerobro*spiui 


■^^s^ 


■M 


'  /f 

f%t>  1<W>— Omitfal  tlbrv*  of  m  bQiwlle  of  medullated  nrrv^tlbras  aet«d  upoo  1«7  Kilner  nttrwtiti 
•how  iiactiUar  li«havKtt-  of  i40tl«k^of  Raavler.  N,  tovranl  this  reai^ent.  Tbr  •Ur^^r  haa  uvtiFLruied  f 
Um  n^W9^  ami  Uaa  iiuiit«d  Um  Axtft^llwler^  M«  ftir  a  abort  dbitaziije.    S,  Uie  white  subsia 

atrroiL  Theso  peculiarities  depend  on  their  not  possessing  the  out 
li^ytr  of  medullary  substance;  their  contents  being  composed  ejclusive 
cf  ibc  azia^yliuder.  Yet,  since  many  nenre-fibre^  may  bo  found  whid 
UfipmJt  iiil«rmediiit«  in  obmncter  between  these  two  kinds,  and  since  i 
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UKtgt  fibres,  as  they  approach  both  their  central  and  their  peripheral 
[end,  lose  their  medullary  sheath  and  assume  many  of  the  other  charac- 
(of  the  fine  fibres  of  the  sympathetic  eystem,  it  is  not  necessary  to 
ppose  that  there  ia  any  material  difTerence  in  the  two  kinds  of  fibreg. 
The  non-medulla  ted  fibres  frequently  branch. 

It  is  worthy  of  note  that  in  the  foetus,  at  an  early  period  of  develop- 
nent,  all  nerve- fibres  are  non-medu Hated, 

Nerve-trunks.— Each  nerve- trunk  is  composed  of  a  variable  num- 
ber of  di0erent-sized  bundles  (fumvuii)  of  nerve-fibres  which  have  a 
ipecuil  sheath  {peri neuri urn).     The  funiculi  are  inclosed  in  a  firm  fibrous 
I  iheatb  (epifwurium);  this  sheath  also  sends  in  processes  of  connective 


fte.  l<&^6aiatl  branch  of  a  muscalar  nerve  of  the  frog,  near  its  termlnAlloa,  ftfaowJtiK  ditisioiui 
:iikmtajnM^    a.  Into  two;  6,  into  tbive.    x  UdO.    (KOlUlcer) 


tisBue  which  connect  the  bundles  together.     In  the  funiculi  between  the 
[ftbfres  is  a  delicate  supporting  tissue  (the  endoneurium). 

There  are  numerous  lymph-spaces  both  beneath  the  connective  tissue 
ffafesling  individmil  nerve-fibres  and  also  beneath  that  which  surrounds 
ibe  faoiculi. 

Every  nerve-fibre  in  its  course  proceeds  uninterruptedly  from  its 

^Jp^fi  in  a  nerve-centre  to  near  its  destination,  whether  this  be  the 

iphery  of  the  body,  another  nervous  centre,  or  the  same  centre  whence 

Ibsued. 

Bandies  of  fibres  run  together  in  the  nerve-trunk,  but  merely  lie  in 

tion  to  each  other;    they  do  not  unite;   even  when  they  anas- 

'lose,  there  is  no  union  of  fibres,  but  only  an  interchange  of  fibres 

tween  the  anastomosing  funiculi.     Although  each  nerve-fibre  is  thus 

7 
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single  and  nndivided  through  nearly  its  ivhole  coarse,  yet  as  it  ip*  I 
preaches  the  region  in  ivhich  it  terminates,  individual  fibres  break  of  1 
into  several  subdivisions  before  their  final  ending.  1 

Nerve  Collaterals. — It  has  been  discovered  through  the  researcheB  J 
of  Golgi,  and  confirmed  by  the  further  studies  of  Cajal  and  other  an-  i 
atomists,  that  e^ch  individual  nerve-fibre  in  the  central  nervous  systeii  i 
gives  of!  in  its  course  branches  which  pass  out  from  it  at  right  sngki  J 
for  a  short  distance,  and  then  turn  and  run  in  various  directions.  Thesi 
branches  are  called  collaterals.  They  end  in  fine,  brush-like  termina- 
tions, known  as  end-brushes^  or  in  little  bulbous  swellings  which 
in  close  contact  with  some  nerve  cell  (fig.  103). 


Fig.  103.— Terminal  ramifications  of  a  collateral  branch  belonging  to  a  fibre  of  the 
column  in  lumbar  cord  of  an  embryo  calf. 


These  collaterals  form  a  very  important  part  of  the  nerve-unit.  At  > 
the  point  where  they  are  given  ofif,  there  is  usually  a  little  swelling  of . 
the  ueuraxou  proper. 

The  nerve-fibre  itself  continues  on  and  finally  ends  in  various  way%  - 
according  to  its  function  and  the  organ  with  which  it  is  connected.     In  j 
the  nerve-centres,  that  is,  in  the  brain  and  spinal-cord,  the  different:! 
nerve-fibres  end  just  as  the  collaterals  do,   by  splitting  up  into  fin#j 
branches  which  form  the  eiid-hrtishes.     Collaterals  of  the  nerve-fibres  andi 
end-brnahes  are  chiefly  found  in  the  nervous  centres.     The  nerve-fibnsi^ 
of  the  peripheral  nerves  end  in  the  muscles,  glands,  or  special  sensombT 
organs,  such  as  the  eye  and  ear.     Here,  however,  some  analogy  to  ths^ 
end-brush  can  also  bo   discovered.     As  the  peripheral  nerve-fibres  ap*W 
proacb  their  terminations,  they  lose  their  medullary  sheath,  and  conair*^ 
then  merely  of  an  axis-cylinder  and  primitive  sheath.     They  then  loi 
also  the  latter,  and  only  the  axis-cylinder  is  left.     Finally,  the  azl 
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tyVioder  breaks  up  iuto  its  elementary  fibrillse,  to  end  in  various  waja  to 
be  described  later. 

Plexuses. — At  certain  parts  of  their  course,  ueryea  torn}  pkx^ises, 

I  ia  which  they  anastomose  with  each  other,  as  in  tlie  case  of  the  brachial 

^  and  latnbar  plexuses.     The  objects  of  such  interchauge  of  fibres  are; — 

,  («),  to  give  to  each  nervo  passing  off  from  the  plexus  a  wider  connec- 

liiio  with  the  spinal  cord  than  it  would  have  if  it  proceeded  to  its  desti- 

juiiion  without  such  coninjunication  with  otber  nerves.      Thus,   each 

laerTe  by  the  wideuess  of  its  con- 

Beciions  is  less  dependent  on  the 

integrity    of   any   eingk*  portion, 

[•bether    of    nerve-centre    or    of 

[utrve- trunk,  from  which  it  may 

priug.      (l)  Each  part    supplied 

|from  a  plexus  has  wider  relations 

nth  the  nerve-centres,  and  more 

ixteoiive    sympathies;     and,    by 

tjeans   of  tlie  same  arrangement, 

poupa    of   muscles    may    be   co- 

nlinatedt  every    member  of  the 

Dp    receiving  motor   filaments 

the  same  parts  of  the  ncTve- 

itre.     (c)  Any  given  part»  say 

lb,  is  less  dependent  upon  the 

jrity  of  any  one  nerve. 


Nerve-Cells, 

The  nerve-ccU  is  tiie  nodal  and 
aportantpart  of  the  neuron,  and 
U  are  given  off  the  dendrites 
1  axifi-cyliuder  processor  neur- 
it consists  of   a   mass  of 
ttplasDi,  of  varying  shape  and 
containing  withiu  it  a  nu- 
Ideas  and  micleolus.     All   nerve- 
VtfSh  give  off  a  number  of  proc- 

which    branch    out     in    variouB    dinctions,    dividiug    and     sub- 
ling  like  tije  branches  of  a  tree,  but  never  anastomosing  with  eacb 
Ir  or  with  other  cells.     These  branches  are  what  have  alretuly  been 
ed  to  as  the  dendrUesoi  the  cell     They  were  formerly  called  the^ro- 
•i<?  jjrocesse.g  (figs.  103a,  104).     It  is  thus  seen  tlmt  tbe  neuron  or 
^aoit  consists  of  a  number  of  subdivisions,  unmely,  tho  cell-body 
ita  nucleus  and  nucleolus,  the  dendrites,  or  protoplasmic  processes, 


Pig.  108a.— Nerve-celt  with  eliort  luda-cyUndor 
frrim  tlie  fnisterior  horn  of  the  lumbar  cord  of  aa 
«»inbryo  ciilf  tneai»urlug  0.S5  cm.  Carter  v,  Ge- 
huditetij 
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and  the  nenrazon  or  axis-cylinder  process,  which  is  continued  on  to  f 
what  is  known  as  a  nerve-fibre.    The  nerve-cell  is  often  spoken  of  ai 


Fig.  lOl^Large  nerve  cells  with  processes,  from  the  ventnU  comua  of  the  cord  of  man, ! 
On  the  cell  at  the  right  two  short  procesnes  of  the  cell-bodv  are  present,  one  or  the  other  of 
mar  have  been  an  axis-cylinder  process  (Deiiers).  A  similar  process  appears  also  on  the  c 
theleft. 

eluding  the  cell-body  and  its  dendrites  and  the  axis-cylinder  process 
a  short  distance.     Strictly  speaking,  however,  the  name  should  be 


Fig.  104a.— Multipolar  nerve<ell  of  the  cord  of  an  embryo  calf. 

plied  only  to  the  body  of  the  cell.     The  nerve-cell  is  provided  with  a^ 
large  round  nucleus  in  which  one  or  more  nucleoli  are  visible  (fig.  V 
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The  protoplasm  of  the  cells  is  sbowD  by  various  djes  to  he  striated  or  Pt- 
ticulated.  The  network  wbich  makes  up  this  cell-bcdy  stains  more 
Ireadilj  with  certain  djes  and  is  called  ckromaphiUc.  Tbe  material  which 
[fills  io  the  spaces  between  the  network  of  tiie  cell-body  is  called  the  para- 
l^iasm.  The  cells  often  contain  deposita  of  yellowish-brown  pigment 
[(tig-  105)*  The  nucleus  of  the  cell  is  sometimes  reticulated.  Within  the 
[lacleas  is  sometimes  seen  a  nueleoiua,  and  within  the  nucleolud  are 
igbt  spots,  wbich  are  known  as  niicleohiles. 
Nerve-cells  are  not  generally  present  in  ner?e-trnnk8y  but  are  fonad 


V 


XJ 


f|^  lOB^^Oen  of  tb©  Mitertor  bora  of  the  humftn  spinal  conl,  stained  by  NIs&I'b  Method   <After 

EdiDg<*r.  J 

in  eoUectiona  of  nervous  tissue  called  ganglia.     They  vary  considerably 
ia  likape^f  siie^  and  siructure  in  different  situations, 

a.  Some  nerve-cells  arc  small,  geuerally  spherical  or  ovoid,  and  have 
ii regular  uninterrupted  outline.  These  migh  iicrve-trU s  mq  mo^t  nu- 
Itomius  in  the  sympathetic  ganglia;  each  is  iuclosed  in  a  nucleated  sheath, 
11  Others  (fig,  105a)  are  larger,  aud  have  one,  two,  or  more  long  proc- 
iaauiug  frooi  them,  the  cells  being  called  respectively  unipolar^ 
[i^^r,  or  mw/Zr/Jo/^r,  which  proceseea  often  divide  and  subdivide,  and 
[ippear  tabular  and  filled  with  tbe  same  kind  of  granular  material  that  is 
Dtiined  within  the  celL  These  processes  are  the  dendrites.  Generally 
ily  one  process  from  each  cell  is  continuous  T^ith  a  nerve -fibre,  the 
'TMlongation  from  the  cell  by  degrees  assnniing  the  characters  of   the 


jh 
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nerve-fibro  with  which  it  ia  contiDuous,  This  process  is  the  i 
In  bipolar  cells  one  pole  may  be  conUniious  with  a  roedullated  1 
the  other  with  a  Jioo-medyllated  ODe,  or  both  poles  may  pass  ii 
of  the  one  or  the  other  kind, 

GaDgHon-cellfl  are  generally  inclosed  in  a  transparetit  met 
capsule  similar  in  appearance  to  the  external  nucleated  sheath  < 
fibres;  within  this  capsule  is  a  layer  of  small  flattened  cells. 

The  process  of  a  nerve-cell  or  neuraxon  which  b&oomes  cc 
^ith  a  nerve- fibre  ia  always  unbraiiched  as  it  leaves  the  cell.  I 
aas  all  the  characters  of  an  axia-cyiiDder,  but  aooo  acquires  ik  i 


Fiff.  10Sx.^Ack  lMlat4Kl  s>'mpatlipiic  (rang^llon-f:«l1  ot  m%n^  flLhoviag-  Hhe^th  with  ni 
Hialni^,  B.  A.  OaiiiK^lU>ti-<Nt^lt  uiih  DueleuR  ami  tiuctt^ilus.  C.  liraneiied  proceBS  or  d 
UDbrauched  prooesa  or  D(»ur&xon,    4  Kt*y  and  JieixiuH.)     x  75ii'. 

sheath,  and  then  may  be  termed  a  nerve-fibre.     This  continuity 
cells  and  fibres  nmy  be  readily  traced  out  in  the  anterior  corni 
gray  matter  of  the  spinal  cord.     In  many  large  branched  ner 
distinctly  fibrillated  appearance  ia  observable;  the  fibrillaa  are 
continuous  with  those  of  the  axis-cylinder  of  a  nerve. 

Other  points  in  the  structure  of  nerve-cells  will  be  iDeotion 
the  account  of  the  central  nervous  svstem. 


Nerve  Terminations. 

Nerve-fibres  terminate  ptjripbenilly  in  four  different  ways: 
terminal  subdivisions  which  pass  in  between  epithelial  cells, 


THB   STKUCTUKB  OF  THE   ELKMEKTARY  TISSrES. 


iu:i 


Downasinter-epUhelial  arborizations;  3,  by  inotor-platea  which  lie  in 
inuiclesj  3,  by   special   end-orgaus,  coonected  with  tht^  Benses  of 
Ifht,  bearing,  smell,  and  taste;   and,  4,  by  various  forms  of  tactile 
puscles, 

1.  The  inter-epithelial  arborizations  form  a  most  common  mode 
f  term i nation  of  the  sensory  nerves  of  the  body.  The  nerve-iibres  pass 
>tL6  surface  of  the  skin  or  mucous  membrane;  they  then  lose  their  neu- 


(T^ 


Jl$.  m^—Btaaotj  nerre  termlaslioaB  tn  BtratiDed  fMiT^meat  epttheUum,     (AfLer  Q^  Bet- 
EiUKj    Golfi^'B  rapid  meihod. 

rilemiDa  SDol  myelitie  sheath,  the  bare  axis-cylinder  divides  and  sabdi- 
fides  into  minute  ramifications  which  pass  among  the  epithelial  cells 

>  if  the  fiiinand  mucous  membrane.     In  the  varioos  glands  of  the  body 
thiiform  of  termination  also  prevails.     The  Iiair-bulbs,  the  teeth,  and 

Ittetendousof  the  body  are  supplied  by  thissamo  process  of  terminal 

[irborizatioD  (figs.  106,  107)* 

2.  The  motor-nerves  passing  to  the  muscles  end  in  what  are  known 


-^ 


Hg.,  IflP.— Sengory  nerv^  termlitatlona  tn  the  epithelium  of  tho  mucofla  of  the  tnferSor  toc«i 
I  JJIIJ"^^*'** ciliated  epfthelium  of  tb«wibgtottic  rpsrion  of  the  larynx  of  a  cat  four  weeks  oM 
I  iHr^'  Beuiua.  1  Gotg^t's  rapid  method,  n^  Nenre-flbrea  rigln^?  from  the  eoaiif^ctlveKtiKAua  lajr er 
}  ■»ttetpitbdiai  li^er,  where  they  tenalnato  in  ratuiHed  and  free  arborizationa. 


\  WMide-plaicSf  the  details  of  whose  strnctura  have  been  already  de* 
ribed. 

3,  The  special  sensory  end-organa   will  be  described   later  in   the 
I  dipter  on  the  Special  Senses. 

I*  A  fourth  form  of  termination  consiata  of  corpuscles  that  are  more 
I  encapsulated,  and  these  are  known  as  the  eoiyumk^H  of  Pacini^  the 
t  corpuscles  of  Meissner^  the  tactile  corpuscUs  of  Kransef  the  tacH'ie 
and  the  corpuscles  of  GolgL 
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The  Pacinian  bodies  or  oorpuscks  (figs.  108  and  109),  named  aft  -^ 
their  discoverer  FaciDi,  also  called  corpuschs  of  Valor ^  are  little  elo^^* 
gated  oval  bodies,  situated  on  some  of  tlieeerebro'epiual  and  s^mpatbet:::^  ^ 

nerves,  especially  the  cutaneous  nerves  of  the  hands  and  feet;  and  c^m^ 
branches  of  the  large  sympathetic  plexus  about  the  abdomitial  aort^B^-*' 
They  often  occur  also  on  tlie  nerves  of  the  mesentery,  and  are  especiall  ^ 
well  seen  even  by  the  naked  eye  in  the  mesentery  of  the  cat  They  ha^^ 
been  obaerved  afj^o  iu  the  pancreas^  lym- 
phatic glands,  and  thyroid  glands,  as 
well  as  in  the  penis  of  the  cat.  Each 
corpuscle  is  attached  by  a  narrow  ped  i  cle 
to  the  nerye  on  which  it  is  situated, 
and  is  formed  of  several  con cen trio 
layers  of  fine  membrane,  consisting  of  a      />^w7^i/jmff7f(i 


1\ 


Fig.  108. 
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Tist.  10^. ^Extremities  of  a  nerre  of  the  finger  with  Faeialan  corpiucles  attached,  about  I 
natural  size  Cailapted  from  Henle  and  KOllUcer). 

Fig.  HJ9."l'iu4ninii  ruqnmele  nf  the  cat*t  mcMnteiy.    The  atalk  coaststs  of  a  nerre-flbre  i 
with  itM  thick  mit^r  shenth.    TUv^  peripheral  capsules  of  the  Pacinian  corpuscle  are  continuous  "■ 
the  outer  ah  eat  h  af  t  iie  stal  k .    The  intermediary  part  bBcome«  mtich  narrower  near  the  entranoe  4 
the  axtH-cylUidt^r  iuto  the  clear  central  mass.    A  nook  shaped  termination  ^th  tbe  end^bulh  (T)  | 
Been  in  the  upper  part.    A  blofMi-veaasel  (V)  eateni  the  Paeinlau  oorpuacle,  and  apprtMcbea  the  « 
bulh :  it  possessee  a  ftheath  which  Is  the  continuation  of  the  peripheral  capsules  of  the  Pa 
corpuscle.    X  IPO.    (Klein  aud  Noble  Smith.) 

hyaline  ground  membrane  with  connective^issne  fibres,  each  layer  beii 
lineii  by  endotheliuin  (tig.  lU!i)j  through  its  ped idepagHes  a  single  uerv^ 
fibre,  which,  after  traversing  tbe  several  concentric  layers  and    the 
im mediate  spaces,  enters  a  central  cavity  and,  gradually  losing  its  da 
border  and  becoming  smaller,  terniinatea  at  or  near  the  distal  end  of 
cavity,  in  a  knob-like  enlargement  or  in  a  bi furcation.     The  enlar^ 


t  of  a  Pftdnlfta  corpuicle  of  the  human  fiDKPri  showlti^tho  eDdoth^almenil)rAfiei 
liniDK  tlie  capsules,     >:  :a<),     (Klelti  aud  Noble  SmlOi-j 


h1  to  terminate  in  a  second  PaciQian  corpuscle*      The  phjaiological 

>rt  of  these  hodies  ie  Btill  obaciire. 

L  The  tactile  corposclea  of  MeisBner  (figs.  Ill,  112)  are  found  in  the 


I.  111.— A  toach-corpu9cle  of  :iIeiSiuior,  from  the  aWn  of  the  bumaa  biiiid 


^of  the  skiB  of  the  fingers  and  toes,  or  among  its  epithelium*     They 
)  simple  or  compound*     When  simple  they  are  amallj  slightly  flat- 
I  transparent  bodies  composed  of  nucleated  cells  enclosed  in  a  cap- 

kWhen  compoond,  the  capsole  contaiDS  several  small  cells.     The 
sles  are  abont  ^hr  ^^  ^^  *^^^^^   ^^^E  ^^  tItt  ^^  ^^  i^'^h  wide.     The 
i-fibre  penetrates  the  corpuscle,  loses  its  myeline  aheath,  and  divides 


riff.  nS."rftplUro  fmTii  the  ftkln  of  thf»  hAtid,  freed  fri'in  tboctitlcle  and  exhibltioir  uid 
pusdlei.     A,  Simple  |iAivil1a  with  fmir  ntTve-flbneH;  *j^    tneriilt!' oori>U:s<^^^«^  ^^  ii«?rres  vrith 
flbrea  ctiXidf.    ».  FapiUa  trt^ai«iti  wiih  iiot*iic  add;  «.  cortical  liijtsr  with  cWla  and  fine  t^laf 
meats;  6,  tactllei  ci>r|mMJ!Ji»  with  trAUVH'iisti  tmcltii;  Cn  ePDteriu^  uerve  wlib   QetirileuuuA  or  ] 
rlum ;  d  and  «» uerTe-flUreft  wiudinjf  rotuid  tbe  corpuscle.    X  «iaU.    iKdlUker) 

of  Meissner,  have  been  regarded  at  one  time  na  epithelial,  afe  as 
time  as  nervoua,  but  they  arc  to-day  prfived  to  he  niesodennic  cellt 
differentiated  for  tbefli>€Gial  purpose  of  the  mum  of  tondi  (Deje 


Wig,  ll8.-^Eiid-buJb  of  Kraus^.    a^  31  edu limed  nerre-ftbre;  h,  capsule  of  corptude. 


3<  The  Corpuscles  of  Krause  or  End*Bulbs,— These  ex 

great  numbers  in  the  conjunctiva,  the  glaus  penis,  clitoris,  lipB, 
and  tendon  of  raan;  they  resemble  the  corpuscles  of  Pacini,  but 
mncb  fewer  concentric  layers  to  the  corpuscle,  and  contain  a  rela 
f'oluminoua  central  mass  composed  of  polyhedral  cells.     Id  man 
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^oacles  are  epberical  in  shape,  aoci  receive  many  nervous  fibres  which 
fiDd  through  the  corpuscle,  and  end  in  the  free  extreoii  tits  (%,  113). 

L  Tactile  Menisqiies. — Indiffereotregionsof  thoBkinof  man,  one 
©eets,  in  the  superficial  lajera  and  in  the  Malplghian  layers,  nerves 
which,  after  having  lost  their  myeline  sheath,  divide  and  subdivide  to 
ibm  eitremely  beautiful  arborizations.  The  brauchea  of  these  arbor iza- 
tloofl  are  flattened  down,  forming  the  tact  He  fHenisques,  These  men- 
aqaes,  which  siranlate  the  form  of  a  leaf,  represent  a  mode  of  termioal 
^  WTTOOS  arbormtion  (EanTier), 

5.  The  corpuscles  of  Golgi  are  small  terminal  placqnea  placed  at  the 
oDioD  of  tendons  and  muscles,  but  belonging  more  properly  to  the  tendon. 


^  nc— JL  ienolnatioQ  of  a  meduUated  nenre^ftbre  In  tendon,  lower  Unit  with  coairoluted  jnedul- 
|ji  ted  nerve  -fl  biv,    (O  olgJ, ) 

They  are  fusiform  in  shape  and  are  flattened  upon  the  surface  of  the 
tendon  close  to  its  insertion  into  the  muscular  fibres.  They  are  composed 
of  a  granular  substance,  enveloped  in  several  concentric  hyaline  mem- 
hrsnes  which  contain  some  nuclei.  The  nerve-fibre  passes  into  this 
Jitile  corpuscle,  splitting  itself  up  into  One  terminals.  Tlie  corpuscles 
of  Golgi  are  believed  to  be  related  to  the  muscular  sense  {^g,  IH). 

Id  addition  to  the  special  end-organs,  sensory  fibres  may  terminate  in 
plexuses,  as  in  the  snb-epitheliul  and  intra-epithelial  plexus  of  the 
[flOfiica, 


The  Neuroglia, 

The  neuroglia,  while  not  a  nervous  tissue,  is  closely  mingled  with  it 
dnil  forms  an  important  constituent  of  the  nervous  system.  It  consists 
of  cells  giving  off  a  fine  network  of  richly  branching  fibres.  Neuroglia 
was  at  one  time  considered  to  be  a  form  of  connective  tissue,  and  it  is 
ID  its  functions  strictly  comparable  to  the  connective  tissue  which  sup- 
perti  the  special  structures  of  other  organs^  like  the  lunge  and  kidney 
ftg.  116).  It  is,  however,  derived  from  the  epiblastio  cells,  t.d,,  the 
•me  cells  from  which  the  nerve-tissue  proper  also  develops.  In  the 
adolt  animal  the  nenroglia-tiaane  is  composed  of  cells  from  which  are 
firea  off  immense  numbers  of  fine  processes.     These  extend  out  in  every 
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direotion,  and  intertwine  among  the  nerve-fibres  and  nerve-oelli  (fig.  1 
The  nenroglia-oell  differs  in  siie  and  shape  very  mnoh  in  different  ] 


Flff.  116.— Neuroglia  cells  In  the  oord  of  an  adult  froff.    CAfter  CI. 
with  tbelr  peripheral  extremities  atrophied  and  ramified:  £«  C,  D,  neurofrlia  eel 
■        ■  ■  ifi         *  ' '     " 


grees  of  emifcration  and  separation  ^rom  the  ependymal  canal ;  their  central  extremitj  ii 
phied  and  much  contracted:  their  peripheral  exnremlty,  on  the  other  hand,  is  Rraatly  er' 
the  ramifications  of  the  latter  terminaong  in  conical  buttons,  J,  end  under  the  pia  mater. 


Fig.  110.— DUTerent  types  of  neurof^lia  cells.    (After  ▼.  Oehuchten.)    6,  Neuroglia 
white  substance,  and  c,  of  the  gray  substance  of  the  cord  of  an  embryo  calf. 
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qI  the  nenous  systena  in  accordance  with  the  arrangement  of  the  nerv- 
OQB  gtrnctures  about  it  The  cell  is  composed  of  granular  protoplasm, 
and  lying  in  it  is  a  large  nucleua,  within  which  is  a  nucleolus.  The 
botiy  of  the  cell  ia  small  in  amount  and  proportion  to  the  iiucleufl. 

Weigert  has  shown  that  the  processes  of  the  neuroglia-cells  branch 
and  prolong  themselves,  forming  in  many  places  an  extremely  thick  net- 
work.   These  processes  become  changed  In  their  chemical  and  physical 
cbarafiters,  bo  that  they  take  a  different  stain  from  that  of  the  cell- body 
itself,  and  they  thus  form  a  really  separate  structure,  distinct  almost 
bom  the  mothtr-cell,  just  as  the  miisclo  tissue  is  distinct  from  its  origi- 
m1  edl'protoplasm,  or  just  as  the  substance  of  cartilage  is  distinct  from 
its  original  cell-body.     While  neuroglia-tissue  is  distribiited  throughout 
tbe  ffbolo  of  the  nervous  centres,  it  is  especially  deposited  in  certain  places. 
It  ii  found  around  the  central  canal  of  the  spinal  cord,  and  upon  the 
iiperficial  surface  of  the  spinal  cord.     It  was  formerly  thought  to  com- 
pose part  of  the  gelatinous  substance  of  Eolando  in  the  spinal  cord,  but 
ttiihas  been  shown  by  Weigert  not  to  be  the  case. 

Id  the  brain  a  deposit  of  neuroglia  is  found  beneat;h  the  epondyraal 
lining  of  the  ventricles,  and  upon  the  superficial  surface  of  the  gray 
matter  of  the  cortex  beneath  the  pja  mater.  It  is  distributed  to  some  ex- 
t^Dt  in  all  parts  of  the  brain  and  spinal  cord^  but  ia  not  found  in  thd 
peripheral  nerves. 
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CHAPTER  TV. 

THE    CHEMICAL  COMPOSITION  OF  THE  BODY. 

Of  the  known  chemical  elements  of  which  about  seventy  have  been 
isolated  no  less  than  seventeen  combine,  in  larger  or  smaller  quantities] 
to  form  the  chemical  basis  of  the  animal  body. 

The  substances  which  contribute  the  largest  share  are  the  non-metallic 
elements,  Oxygen,  Carbon^  Hydrogen,  and  Nitrogen— oxjg&n  and  carboD 
making  up  altogether  about  85  per  cent  of  the  whole.  The  most  abon* 
dant  of  the  metallic  elements  are  Calcium,  Sodium,  and  Potassium.* 

Few  of  the  elements,  however,  appear  free  or  uncombined  in  the  ani- 
mal body.  They  are  generally  united  together  in  variable  proportions  to 
form  compounds.  The  only  elements  which  have  been  found  free  in  the 
body  are  oxygen,  nitrogen,  and  hydrogen,  the  first  two  in  the  blood,  and 
hydrogen  as  well  as  oxygen  and  nitrogen  in  the  intestinal  canal. 

It  was  formerly  thought  that  the  more  complex  compounds  built  up 
by  the  animal  or  vegetable  organ  ism  were  peculiar  and  could  not  be  made 
artificially  by  chemists,  and  under  this  idea  they  were  formed  into  a  dis- 
tinct class,  termed  organic.  This  idea  has  long  been  given  up,  but  the 
name  is  still  in  use  with  a  different  signification.  The  term  is  now  ap- 
plied simply  to  the  compounds  of  the  element  carbon,  irrespective  of  their 
origin. 

A  large  number  of  the  animal  organic  compounds,  pai-ticularly  those 
of  the  albuminous  group,  are  characterized  by  their  complexity.  Many 
elements  enter  into  their  composition,  thereby  distinguishing  them  from 
simple  inorganic  compounds.  Many  atoms  of  the  same  element  occur  in 
each  molecule.  This  latter  fact  no  doubt  explains  the  reason  of  their 
instability.  Another  great  cause  of  the  instability  is  the  frequent  pres- 
ence of  nitrogen,  which  may  be  called  negative  or  undecided  in  its  affini' 
ties  and  may  be  easily  separated  from  combination  with  other  elements. 

*The  following  table  represents  tlie  relutive  ]>roportion    of    the  various  ele^ 
ments. — (Marshall.) 


Oxyf/en 72.0 

Carbon 13.5 

Uydrogen 9.1 

Nitrogen        .         .         .         .  2.5 

Od4^ium 1.3 

Phosphorus  .         .         .         .  1.15 

Sulphur 1476 

S^Hlivm          ....              .1 
Chlorine 085 


Fluorine 06 

Potamum 02^ 

Iron 01 

Ma<rncsium OO^* 

Silicon OCK^ 

(Traces  of  copper,  lead,  and  alu- 
minum)     


100. 


110 


THE    CUEMICAL    COMPOSITION    OF   THE    UUl>Y.  Ill 

Animal  tissues,  containing  as  they  do  tli^se  organic  nitrogenous  com- 
ids,  are  extremely  prone  to  undergo  dec  am  position.     Tliey  also  con- 
much  taater^  a  circumstance  very  favorable  to  the  breaking  up  of  such 
mt^^.     It  is  due  to  this  tendency  to  tlecom position  that  we  meet 
pritli  so  large  a  number  of  decomposition  products  among  the  chemical 
tibstauces  forming  the  basis  of  the  animal  body. 

The  various  substances  found  in  the  animal  organism  may  Im5  conven- 
atly  considered  according  to  the  following  tdassitieation ;  1.  Orffunw — 
Nitrogenous  and  b.  Non-Nitrogenous.     2.  Inorganic, 

Organic  Substances. 

yitrof/enous  organic  ftodirs  take  the  chief  part  in  forming  the  solid  tis- 
toes  of  the  body,  and  are  found  also  to  a  considerable  extent  in  the  circu- 
hting  fluids  (blood,  lymph,  chyle),  the  secretions  and  excretions.  They 
^.ofl^ii  contain  in  addition  to  carbon,  hydrogen,  nitrogen,  and  oxygen,  the 
ita  sulphur  and  ]jhosp!iorus  j  but  although  the  composition  of  most 
<kf  them  is  approximately  known,  m^  general  rational  formula  can  at  pres- 
be  given. 

It  will  be  convenient  to  give  an  account  of  the  Proteid  substances  in 

I  this  Chapter,  as  these  constitute  the  most  important  classes  of  nitrogen- 

<ms  organic  substances.     According  to  their  chemical  composition  or  su- 

piriiicial  differences  (e.tj,^  solubility)  they  are  divided   into  three  main 

[  ikises^  viz. :  (1)  Bimple  proteids,  (2)  compound  proteids,  and  (3)  albu- 

iD€aoids  or  prote oi ds .     The  othe r  ra e m be rs  are  Deco mp tisJt to n  prmJurfts,  the 

ctiWf  of  which  is  Urea,  found  for  the  most  ])art  in  the  urine;  Ferments ; 

figment4i;  and  other  bodies  and  will  be  more  apjiropr lately  treated  of 

I  Utier  on. 

Proteids  (simple  proteids)  are  also  called  Albiuninous  substances. 

They  art?  the  chief  of  the  nitrogenous  orgainc  compounds  and  exist  in 

Iwili  plants  and  animals,  one  or  more  of  them  entering  as  an  essential 

part  into  the  formation  of  all  living  tissue.     In  the  lynqili,  chyle,  and 

^'^'  1,  they  exist  abundantly.     Very  little  is  known  with  any  certainty 

It  their  chemical  composition.     Not  a  single  membc^r  of  the  class  has 

•ren  synthesized.     Their  formula  is  unknown,  the  chemists  who  have 

ienipted  to  constmct  it  differing  very  greatly  among  themselves.      In 

llirt  tbe  very  term  proteid  is  an  extremely  arbitrary  one.     It  simply 

J>«»ftsabody  which,  according  to  Hoppe-^Seyler,  contains  in  its  molecide 

tiit-rVmeiits  carlxni,  hydrogen,  nitrogen,  oxygen,  and  snlplnir,  in  eert^dn 

i^t'itrirr  hnt  varying  amounts*  thus — Carbon,  from  .^1.*^  tn  hA.5]  Hy* 

Iro^en^  from  r».9  to  7.,'i;  Nitrog^en,  from  ITi.!:  to  17.;  Oxygen,  from 

^•^ to  23.5;  Sulphur,  from    '3  to  2.     Some  proteids  contain  from  ,'A  to 

»■•>  *jf  phusphorus ;  a  small  annmnt  of  iron  is  usually  associated  with 
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pioteids,  but  it  is  not  certain  whether  or  not  it  is  an  integral  part  of  t 
molecule.  Chittenden  defines  a  proteid  as  a  substance  which  contai 
carbon,  hydrogen,  oxygen,  nitrogen,  and  sulphur,  the  nitrogen  being  in 
form  which  serves  the  physiological  needs  of  the  body;  and  yields,  > 
decomposition,  a  row  of  crystalline  amido-acids  and  crystalline  uitroge 
ous  bases;  nearly  all  contain  52  per  cent  of  carbon  and  16  per  cent  of  i 
trogen. 

Frojjerties  of  Proteids, — Proteidsare  for  the  most  part  amorphous  ai 
non-crystallizable.  Certain  of  the  vegetable  proteids  have,  it  is  sai< 
been  crystallized,  and  according  to  Hofmeister,  egg  albumin  is  also  cap 
ble  of  crystallization.  They  possess  as  a  rule  no  power  (or  scarcely  an; 
of  passing  through  animal  membranes.  They  are  soluble,  but  under| 
alteration  in  composition  in  strong  acids  and  alkalies ;  some  are  solub 
in  water,  others  in  neutral  saline  solutions,  some  in  dilute  acids  and  a 
kalies,  none  in  alcoliol  or  ether.  Their  solutions  exercise  a  left-handc 
action  on  polarized  light. 

The  hope  that  it  may  be  possible  in  the  immediate  future  to  synth< 
size  proteids  is  rendered  all  the  weaker  because  of  the  extraordinary  ti 
riety  of  compounds  obtained  by  the  decomposition  of  proteids  by  varioc 
chemical  methods,  the  compounds  differing  according  to  the  method  en 
ployed.  In  the  body  it  seems  clear  that  living  ])roteid  is  built  up  by  th 
food  supplied  to  it,  which  necessarily  contains  proteid  derived  either  froi 
a  vegetable  or  an  animal  source ;  how  this  process  takes  place  we  are  ye 
unable  to  say.  In  the  course  of  later  chapters  in  this  book  we  shall  cd 
deavor  to  trace  the  steps  of  the  breaking  up  of  proteid  in  the  body,  ba 
we  may  anticipate  by  mentioning  that  it  is  now  generally  believed  tht 
the  ultimate  products  of  this  decomposition  are  urea^  a  body  the  formal 
of  which  is  CO(NH^)^,  carbon  dioxide  and  wafer,  while  the  intermediato 
substances  or  by  ])roducts  are  probably  ammonia  compounds  (ammonian 
carbonate).  When  proteid  material  is  decomposed  by  putrefaction,  \q 
the  action  of  chemi(;al  reagents,  e.f/.,  acids,  alkalies,  or  by  heat,  varioui 
bodies  are  produced,  of  which  amido-acids  (acids  in  which  one  or  moreol 
the  hydrogen  atoms  of  the  radical  of  the  acid  are  replaced  by  amidogen, 
NHj  and  bodies  belonging  to  the  aromatic  or  benzene  series  predominate. 
Hence  it  comes  that  various  theories  of  the  way  in  which  proteids  art 
built  up  have  arisen.  The  one  which  has  appeared  to  have  received  to 
greatest  support  is  that  of  Latham.  This  observer  has  suggested  thai 
proteid  may  be  considered  as  made  up  of  a  series  of  cyan-alcohols  (bodic 
obtained  by  the  union  of  any  aldehyde  with  hydrocyanic  acid)  with 
benzene  nucleus.  Taking  ordinary  ethyl  alcohol,  CH^CH,OH,  as  tl 
type,  the  aldehyde  of  which  is  CH^CHO,  the  corresponding  cyan-alcolB- 
would  be  CH^CHCNOH. 

Proteids  give  certain  general  chemical  reactions.     They  are  a  lit* 
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fin  the  case  of  each  particular  substance.     The  chief  of  these  are  as 


»wa: 


Xantho-Proteic  Reaction,— The  addition  of  strong  nitrio 
acid,  drop  by  drop,  to  a  solution  of  any  proteid  produces  a 
floceuleut  precipitate  which  dissolves  in  an  excess  of  the  acid. 
The  solution  becomes  canart/  yellow  in  color;  when  heated, 
this  color  is  more  marked;  when  cooled,  the  addition  of  am- 
monia in  excess  changes  the  color  to  orange.  The  nitric  acid 
decomposes  the  proteid  to  a  certain  extent  and  then  unites 
with  the  deconipositioii  products,  forming,  among  other 
things,  xanthoproteic  acid  which  gives  the  yellow  color.  The 
ammonia  unites  with  this  and  forms  ammonium  xanthoprote- 
ate  which  gives  the  orange  color. 
iL  Biuret  (Piotrowski's)  Reaction.— With  a  traee  of  cuprie 
sulphate  and  an  excess  of  potassium  or  sodium  fiydrate  |>ep- 
toties  and  proteoses  give  a  rose  red  :  with  amnionic  instead  of 
the  fixed  alkalies,  a  iflue  coloration.  Most  proteids,  however, 
give  a  rio/ef  (pinkisli  purple)  color;  the  color  is  due  to  re- 
duced copper,  cuprous  hy<lroxide  being  foimed  along  with 
other  compounds  of  i-ed,  yellow,  and  blue  colors, 
Millon's  Reaction. — With  Millon/s  reagent  {a  solution  of 
mercHiric  nitrate)  proteids  give  a  heavy  white  precipitate  of 
mercuric  albuminate  which,  with  an  excess  of  the  reagent,  be- 
comes brick  red  when  heated.  This  test  is  said  to  be  due  to 
the  pi'esence  of  ty rosin,  an  aromatic  compound  in  the  proteid 
molecule :  it  is  generally  used  for  solids  though  it  may  be 
used  for  liquids  also.  With  all  substances  containing  the 
C^H^OFl  group,  <f'.^.,  cRrbolic  acid,  this  reagent  gives  the  same 
color  reaction,  thongh  no  precipitate  is  formed,  the  solution 
itself  becoming  red. 
liv.  Ammonium  Sulphate  Reaction.— They  are,  with  the  ex- 
ception of  peptone,  entirely  precipitated  from  their  solutions 
by  saturation  with  ammonium  sulphate, 

Ifiny  of  the  proteids  give,  in  addition,  the  following  tests: 


V,  With  excess  of  acetic  acid,  and  potassium  ferrocyanide,  a  white 

precipitate, 
vi.  With  excess  of  acetic  acid  and  a  saturated  solution  of  sodium 

sulphate,  on  boiling,  a  white  precipitate.     This  test  is  often 

used  to  get  rid  of  all  traces  of  proteids,  except  peptones,  from 

solutions. 
% 
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vii.  Boiled  with  strong  hydrqdilorio  acid,  they  giviQ  a  vtolei 
coloration. 

viii.  With  cane  sugar  and  strong  solphurio  add,  on  heatingi  i 
give  ^purplish  coloration. 

ix.  They  are  precipitated  on  addition  of — citric  or  acetic  a 
and  picric  acid ;  or  citric  or  acetic  acid,  and  sodium  tungst 
or  citric  or  acetic  acid,  and  potassio-mercuric  iodide ;  audi 
many  other  metallic  salts  in  solution  and  by  alcohol. 

Varieties, — Proteids  are  divided  into  classes,  chiefly  on  the  bast 
their  solubilities  in  various  reagents.  Each  class,  however,  if  it  contj 
more  than  one  substance,  may  often  be  distinguished  by  other  propei 
common  to  its  members.  Not  every  one  of  the  proteids  enomerate 
conUiiiicd  in  the  animal  tissues,  some  are  used  as  food. 

(1.)  Natitu'-Alhumins. — These  substances  are  soluble  in  water  an* 
saline  solutions,  and  are  coagulatcul,  /.<?.,  turned  into  coagulated  prot 
on  heating. 

(2.)  AlOuminafes, — These  ai*e  soluble  in  acids  or  alkalies,  insoluU 
saline  solutions  and  in  water,  and  not  coagulated  on  heating. 

(.'$.)   (i/offit/ins, — These  are  soluble  in  weak  saline  solutions,  in  di 
aeids  and  alkalies,  and  insoluble  in  water  and  in  strong  solutions  of 
tral  salts.     Tliey  are  coagulaUMl  on  heating. 

(4.)  /*rof roses.  — These  are  soluble  in  water  and  dilute  saline  soluti 
precipitattnl  by  saturation  with  ammonium  sulphate ;  precipitated  but 
coagulated  by  alcohol ;  i)recipitated  by  picric  acid :  cannot  be  coagul 
hy  heat. 

(5.)  J*('jdnnes. — These  are  soluble  in  water,  saline  solutions,  acidi 
alkalies;  not  jireeipitaUul  on  saturation  with  any  neutral  salt;  thej 
not  coagulated  on  heating. 

(().)  diHujuhiti'd  Profcitfs. — These  ai-e  of  two  classes,  either  coagul 
by  (a)  action  oi'  ffn/ic/ifsy  or  (b)  heat.  These  are  soluble  only  in  ga 
or  j)anereatie  fluids,  forming  peptones,  or  (with  difficulty )  in  strong  fl 
and  alkalies. 

Native- Albumins.— Of  native-albumins  there  are  several  varie 
(a)  egg-allmmin ;  (b)  serum-albumin;  (e)  lact-albumin,  etc. 

Jii/fj  A/ /mm in  is  contained  in  the  white  of  the  egg. 

When  in  solution  in  water  it  is  a  transparent,  frothy,  yellowish  i 
neutral  or  sliglitly  alkaline  in  reaction.  It  gives  all  of  the  general 
teid  reactions.  It  yields  8  i)er  cent  of  argenin,  22.6  per  cent  of  lei 
and  2  per  cent  of  ty rosin. 

At  a  temperature  not  exceeding  40°  C.  it  is  dried  up  into  a  yelloin 
transparent,  glassy  mass,  soluble  in  water.  At  a  temperature  of  7C 
it  is  coaffulatvd,  i,e,^  changed  into  a  new  substance,  coayulated  pro 
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lich  is  quite  insoluble  m  water.  It  is  coagulated  also  by  the  prolonged 
lion  of  alcohol ;  by  strong  mint^rai  acids,  especially  by  nitric  acid,  also 
tannic  acid,  or  carbolic  acid;  by  etbers  the  coagnliini  is  soluble  in 
tustic  soda. 

It  is  precipUated  without  eoagulatioii|  ii\^  forms  insoluble  compound 
^  the  reagent,  soluble  on  removal  of  the  salt  by  dialysits,  with  either 
efcuric  chloride ^  lead  acetate ^  copper  sulphat^^  or  silver  nitrate,  the  pre- 
pitate  in  each  caiie  Ixnng  soluble  in  slight  excess  of  the  reagent. 
With  strong  nitric  acid  the  alljuinin  is  precipitated  at  the  point  of 

t  with  the  acid  in  the  form  of  a  iioe  white  or  yellow  ring. 
8tntm-A(bumui  is  contained  in  blood-serum,  lymph,  serous  and  wy no- 
fluids,  and  in  the  tissues  generidly ;  it  may  be  prepai-ed  from  serimi, 
removal  of  j^araglobulin  by  saturation  %vith  magnesium  sulphate,  by 
Lcr  saturation  with  sodiiun  sulfibato.      It  appears  in  the  urine  in  thtj 
lition  known  as  albuminuria. 

It  gives  similar  reactions  to  egg-albumin,  bwt  differs  from  it  in  not 
%  coagulated  by  ether.     It  also  differs  from  egg-allmmiii  in  not  being 
ly  precipitated  by  hydrocliloric  acid,  and  in  the  i»recipitate  being  easily 
bbie  in  excess  of  that  acid,     Semm-albumin,  either  in  the  coagulated 
'm  prtfcipitated  form,  is  more  soluble  in  excess  of  strong  aeid  than  egg- 
in. 
Albuminates* — There  are  two  principal  substauces  belonging  to  this 

a,  Aeid-Albonjin;  b,  Alkali- Albumin. 

Acid'AUntmin, — Acid-albumin  is  made  by  adding  small  qiiautities  of 

acid  (of  which  the  best  is  hydrochlorie,  .4  per  cent  to  1  per  cent)* 

either  ^^^'  or  serum-albumin  diluted  with  five  to  ten  times  its  bulk  of 

,  and  keeping  the  solution  at  a  temperature  not  higher  than  50^  C 

Dot  less  than  half  an  hour.     It  may  also  be  made  by  dissolving  coagu- 

uativc-albiuiiui  in  strong  acid,  or  by  dissolving  any  of  the  globulins 

acids.     Solid  acid  albuminate  may  be  formed  by  adding  sti-ong  aeid 

by  drop  to  a  strong  solution  of  proteid  matter  {e,fj.^  undiluted  e^g- 

)  until  solidihcation  occurs. 

It  is  not  coagulated  oo  heating,  but  on  exmtlt/  neutralizing  the  solu- 

aflocculent  precipitate  is  produced  (if  it  is  then  heatetl  to  70°  C.  it 

€0«gTilate  and  cannot  then  lie  distinguished  from  any  other  form  of 

lated  proteids).     This  maybe  shown  by  adding  to  the  acid-albumin 

m  a  little  aqueous  solution  of  litmus,  and  then  adding,  drop  by 

a  weak  soUition  of  caustic  potash  from  a  burette  until  tJie  red 

disappears.     The  precipitate  is  the  derived-albumin.     It  is  soluble 

flliliite  aeid,  dilute  alkalies,  and  dilute  solutions  of  alkaline  carbonates, 

solution  of  acid-albumin  gives  the  proteid  tests.     The  substance  it* 

is  coagulated  by  strong  acids,  ^,*^.,  nitric  acid,  and  by  strong  alcohol; 

Jliiadoluble  in  distilled  water,  and  in  neutml saline  solutions;  it  is  pre- 
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cipitated  from  its  solutions  by  saturation  with  sodium  chloride.  On  boil-^  - 
ing  in  lime-water  it  is  paitiallj  coagulated,  and  a  further  precipitatkik  ^ 
takes  place  on  addition  to  the  boiled  solution  of  calcium  chloride,  magne*  ■ 
sium  sulphate,  or  sodium  cliloride.  _j 

Alkali- Albumin,— li  solutions  of  native-albumin,  or  coagulated  or  3 
other  proteid,  be  treated  with  dilute  or  stx-ong  fixed  alkali,  alkali-albumia^l 
is  produced.  Solid  alkali-albumin  (LieberkUhn's  jelly)  may  also  be  pp^-^l 
pared  by  adding  caustic  soda  or  potash,  drop  by  drop,  to  undiluted 
albumin,  until  the  wliole  forms  a  j^'lly.  This  jelly  is  soluble  in  an  exce 
of  the  alkali  or  in  dilute  alkalies  on  boiling.  A  solution  of  alkali-fcUm.*' 
min  gives  the  tests  corresi)on(liiig  to  those  of  acid-albumin.  It  is  nc 
coagulated  on  heating  excei)t  after  neutralization,  as  in  the  case  of  i 
albumin.  It  is  thrown  down  on  neutralizing  its  solution,  exce])t  in  1 
presence  of  alkaline  i)h()spliate.s,  in  which  case  the  solution  must  be  < 
tinctly  acid  before  a  j)reeipitate  falls. 

To  differentiate  bi'twcnai    Acid-  and  Alkali-Albumin,  the  follon 
method  may  be  adopted.     Alkali-albumin  is  not  i)i-ecipitated  on 
neutralization,  if  sodium  ])hosphato  has  been  previously  added.     Ac 
albumin  is  precipitated  on  exact  neutralization,  whether  or  not  sodimrt^ 
phosphate  has  been  j)revi()usly  added. 

Globulins.  — The  globuhns  give  the  general  proteid  tests;  areinsohr'^ 
ble  in  water;  are  soluble  in  dilute  saline  solutions;  are  soluble  in  acid 
and  alkalies  forming  the  corresponding  derived-albumin. 

Most  of  them  are  precipitated  from  their  solutions  b}-  saturation  ^ 
stdid  sodium  chloride,  magnesium  sulphate,  or  other  neutral  salt.     Tke,^^ 
are  coagulated,  but  at  different  tem])eratures,  on  heating.  ;; 

Globulin  or   Crf/stdll  in. -It  is  obtained  from  the  crystalline  lens 
rubbing  it  up  with  i)OW(lered  glass,  extracting  with  water  or  with  dila 
saline  solution,  and  by  passing  through  the  extract  a  stream  of  ca 
iodide.     It  differs  frv)m  other  globulins  in  not  being  precipitated  by  i 
ration  with  sodium  chloride. 

Mf/osin. — The  relation  of  myosin  to  living  muscle  will  be  conside 
under  the  head  of  the  physiology  of  muscle.    It  may,  however,  be  prej 
from  dead  muscle  by  removing  all  fat,  tendon,  etc.,  and  washing  repeat) 
in  water  until  the  washing  contains  no  trace  of  jn-oteids,  mincing  it 
then  treating  with  10  per  cent  solution  of  sodium  chloride,  or  siinik 
solution  of  ammonium  chloride  or  magnesium  sulphate,  which  will  ( 
solve  a  large  portion  into  a  viscid  fluid,  which  filters  with  difficulty, 
th?.  viscid  filtrate  be  dropped  little  by  little  into  a  large  quantity  of 
tilled  water,  a  white  flocculent  precipitate  of  myosin  will  occur. 

It  is  soluble  in  10  per  cent  saline  solution ;  it  is  coagulated  at  60®^- 
into  coagulated  proteid ;  it  is  soluble  without  change  in  very  dilute  9jAm 
it  is  precipitated  by  picric  acid,  the   precipitate  being  redissolved  ^ 
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IboUmgi   it  may   give   a  blue  color  witli  ozonic  ether  and  tincture  of 
I  paiacuin. 

Farafflol/ulln,  ^'^BT^lohiiim  is  contained  in  lilasma  and  in  serum,  in 
oua  and  synovial  flnitls,  and  may  be  jirecipitated  by  aatui  ating  plasma 
histj  removal  of  fibrinogen  or  senun  with  solid  sorlinni  chltiride  ovmagne- 
lliiun  sulphate,  as  a  bulky  floeculeirt  substance  which  can  be  removed  hy 
llltntiou. 

It  may  also  be  prepared  by  diluting  blood  serum  witli  tea  volumes  r  f 
liater,  and  ijassing  carbonic  acid  gas  raiiidly  tlirougli  it.  'ihe  fine  ine- 
Itipitate  may  be  collected  on  a  lilter,  and  washed  with  water  containing 
[tarbouic  acid  gas. 

It  is  very  soluble  in  dilute  saline  solntions  (5  to  8  per  cent)i  from 
Ifhidi  it  is  precipitated  by  carbonic  acid  gas  or  by  dilute  acids;  its  solu- 
[lioa  is  coagulated  at  70 "^  C. ;  even  dilute  acids  and  alkalies  convert  it 
lbU>acid-  or  alkali*albnnun. 

JV;r*»of7ei^.— Fibrinogen  is  contained  in  blood-plasma,  from  wbirh  it 
Imj  be  prepared  by  addition  of  sudiuni  chloride  to  the  extent  €f  13  per 
It  may  also  be  prepared  from  hydrocele  fluid  or  from  other  serous 
Dsudation  by  a  similar  metliod. 

Its  general  reactions  are  s^imilar  to  those  of  jjaraglobnlin  ;  its  solution 
I ii  coagulated  at  52°-,  15^  C*  Its  characteristic  propeily  is  that,  under 
[Ktuin  conditions,  it  forms  fibrin. 

Edejftrinc. — Kdestriue  is  a  globulin  which  is  found  in  many  edible 
Ifl^etables,  grain,  etc,  A  solution  may  be  prejiarcd  by  adding  hemp  s^vd 
r4oa  10  per  cent  solution  of  sodium  chloride  and  lieating  to  £0    (-. 

Proteoses  are  intermediate  substances  of  the  digestion  of  fjther  pro- 
[kids,  the  ultimate  product  of  which  is  peptone.  They  are  produced  by 
Ithfi  action  of  the  gastric  and  pancreatic  Juices  and  also,  slowly,  by  boiling 
[Tith  dilute  acids.  The  term  is  a  general  one,  tlie  proteose  of  albumin 
Ikmg  albumose,  that  of  globulin  being  globulose,  etc.  They  are  divided 
[mto  primary  and  secondary  groups  repre.^eiiting  the  stages  of  progression 
\bmn  proteids  to  peptones,  so  that  there  may  be  a  priniary  and  a  second* 
IfHy  albumose,  etc.  As  digestion  is  a  process  of  hydration  with  cleavage, 
Llb^  successive  stages  present  progressively  simpler  substances.  Eiich 
|gnH2p  reacts  to  fewer  reagt^nts  than  the  preceding  one;  e,(/,<f  none  of  the 
es  can  be  coagulated  by  boiling,  nitric  acid  will  precipitate  the 
narr  proteoses  but  not  the  Recondary  ones. 

Peptones. — Peptone  is  formed  by  the  action  of  tlie  digestive  fer- 

[jmgjts,  pr^psiTif  or  tnjpsin^  on  other  proteids,  an<l  on  gelatin,     Tt  is  a  still 

Itiinpler  form  of  substance  than  the  proteoses  and  reacts  to  still  fewer  re- 

^H*     They  will  be  considereil  in  connection  with  the  physiology  of 

gertion,  as  will  also  the  intermediate  com  pounds. 

5  Coagulated  proteids  are  formed  by  the  action  of  heat  or  of  ft^rments 
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apon  other  proteids ;  the  temperature  necessary  to  produce  coagulatiflC 
vaiying  in  the  manner  previously  indicated.  They  may  also  be  produced 
by  the  prolonged  action  of  alcohol  upon  proteids ;  the  process  is  one  cA 
dehydration.  They  are  soluble  in  strong  acids  or  alkalies ;  slightly  so  in 
dihite ;  are  soluble  in  digestive  fluids  (gastric  and  pancreatic).  Are  in* 
sohible  in  water  or  saline  solutions  (except  fibrin). 

Fibrin, — Fibrin  is  formed  by  the  action  of  fibrin  ferment  on  fibrinogei 
and  can  be  obtaintul  as  a  soft,  white,  fibrous,  and  very  elastic  substanoi 
by  whipi)iiij;  blood  with  a  bundle  of  twigs  and  washing  the  adhering  man 
in  a  stream  of  water  until  all  the  blood-coloring  matter  is  removed.  B 
is  soluble  to  a  certain  extent  in  strong  saline  solutions. 

Compound  Proteids. — The  compound  proteids  are  compounds  of  fl 

simple  proteid  with  some  other  molecule.  According  to  their  chemiefti 
composition  and  characteristics  they  are  divided  into  several  classes,  viz.  ; 

Chromo-prnfeuh, — A  combination  of  a  ])roteid  substance  with  some 
form  of  i)igmeiit.  For  example,  haemoglobin  is  a  combination  of  a  globor 
lin  with  hseiuatin,  an  iron -containing  radicle. 

G/itro'jft'ott'lds. — A  combination  of  a  proteid  substance  with  acaibo" 
hydrate  radicle.  Examples  are  mucin,  which  is  found  in  mucous  secre- 
tions ;  and  mucoids,  which  are  found  in  certain  tissues,  cartilages,  etc. 

Nurleo-protoula, — A  combination  of  a  proteid  substance  with  a  nucleio 
acid :  they  are  divided  into  two  groups  ac-cording  to  the  character  of  the 
acid.  The  true  nuclco-proteids  contain  true  nucleic  acid ;  the  para-nucleo- 
proteids,  or  pseudo-nuclco-proteids  contain  para-nucleic  acid.  Both  acids, 
and  therefore  both  <^r()ups,  contain  phosphorus;  but  the  tnie  nuclo-proteids 
yield  nuclein  (xanthin)  bases  while  the  para-nucleo-proteids  do  not.  They 
are  foinid  in  the  nucleus  and  i)rotoplasm  of  every  cell,  and  also  in  milk, 
as  cascinogen,  and  in  the  yolk  of  e^^j  as  vitellin. 

Ghico-viirJoo-jfroti'ldii, — A  combination  of  a  nucleo-proteid  with  a  car- 
bohydrate radicle. 

Mucin.— Mucin  is  a  compound  of  a  globulin  with  a  carbohydrate 
radicle,  and  is  the  characteristic  component  of  nmcus ;  it  is  contained  also 
in  f(etal  conne(*tivc  tissue,  in  t^'udons,  and  salivary  glands.  It  can  be 
obtained  from  mucus  by  diluting  it  with  water,  filtering,  treating  the 
insolu])lc  j)ortion  with  weak  caustic  alkali,  and  reprecipitating  with  acetic 
acid.  The  mucins  di»rivcd  from  different  sources  probably  have  different 
compositions. 

J'ropri^tlrs. — Mucin  has  a  ropy  consist(Micy.  It  can  be  coagulated;  ifl 
insoluble  in  wat^M*,  salt  solution,  and  very  dilute  muriatic  acid ;  is  soluble  in 
alkali(»s  and  concentrated  sul[)huric  acid  It  gives  the  ])roteid  reaction 
with  Millon's  reagent  and  with  nitric  acid.  Neither  mercuric  chloride 
nor  tannic  acid  gives  a  precipitate  with  it  (?).     It  does  not  dialyse. 
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I  treated  with  siilphurie  a^^id  and  tlieti  iieiitralized  with  solid  potas- 
ihydrat*?,  it  will  give  both  the  JJiuret  testj  deuijting  the  presence  of 
eid  matter,  and  also  Fehliiig*s  test,  showing  the  preseTiC4S  of  a  sugar : 
jacid  splits  it  into  a  globulin  aud  a  carbohydrate. 
Nudeins.^ — The  substance  kua^^^n  as  nttehun  and  found  in  all  cells 
I  well  as  in  milk  (caseinogen)  and  the  yoUc  of  egg  (vitellin)  is  really  a 
bpmnd  proteid  and  consists  of  a  whole  series  of  bodies  made  up  of 
land  nucleic  acid  in  varying  proportions  j  there  is  almost  no  limit 
Itbpoeaible  variations*     At  one  end  of  the  series  is  nttelme  aeid  (C„- 
^M^'i^.^^n'  according  to  Kossel),  a  body  containing  the  maximum  (9  to 
1  per  cent)  of  phosphorus,  but  without  any  proteid,  and  found  as  such 
ria  spermatozoa;  in  the  middle  are  the  nndeins  proper;  and  at  the 
leremJ  are  the  nndeo-proteidsj  containing  the  miniinum  of  phosphonis. 
I  is  pliuspboru5  is  the  characteristic  component  of  nut^leiu  acidj  its  anunint 
[f^l  measure  the  amount  of  the  acid  present  in  any  molecule- 
lie  karyoplasm  (nucleus)  t*f  every  cell  is  richer  in  the  nucleins,  while 
iCTtopIasm  (cell  lio<ly)  is  rirher  in  the  nncleo-prot^*ids  wbirli  cfinkiin  a 
lltt-  pn»fiortion  of  nucleic  acid  and^  therefore,  of  plinsphoms.     The 
enee  in  staining  ])owerof  the  nuf^leus  ami  cell  bi »dy  is  tlius  cxiJainrd 
listiie  ndative  aflinity  of  these  substances  for  a  basic  *tye  i,s  propintiDual 
»ti^  amount  of  nucleic  acid  they  contain.     The  chemical  ditTerenccs  in 
action  of  cytoplasm  and  karyoplasm  t/oward  solvents  arc  due  also  to 
proportion  of  nucleic  acirl  and  proteid  which  thpy  contain.     These 
l0frtm(res  ai«  ^luantitative  and  not  qualitative.     All  of  the  nucleo-pro- 
\M%  \i\  the  cell  body  are  tnie  ones  in  that  thi-y  yield  niiclcin  bases. 

Xurtrtn  lia^rjt, — These  art^  x  ant  bin,  Irypoxantliin,  adciiin,  and  gnanin  ; 

raut*  closely  related  nitrogenous  iHirlies  wliich  are  alwaj^s  present  m 

r  chemical  change  in  the  cell,  and  one  may  l>e  tninsfornied  into  an- 

They  are  also  known  as  a- tut  fit  hi  or  pitnn  /ffts(,s^  ami  all  ean  l»o 

ffd  from  the  so-called /^«rm  nnrftuta  O^N ^  by  substitution  of  atoms; 

tpftrhi  hiisef  as  isolated  by  Eniil  Fischer,  is  <',H^N^. 

nypf>xanlhtn  or  oxypuriii  is      .        .  .        rjT^NiO 
Xantiun  or  dkixypiinn  is       ...         »    (^fl^NtOj 

Adenin  or  aiiiimi  pnrlii  is  ,        *  ,        {'ftJUN» 

Ouanin  or  ammo-oxypuna  is         .        .  CJIftN^O. 

Uric  aci«l  is  closely  related,  though  not  one  of  the  Tiuclcin  bases,  being 
inoiypurin,  C^H^N^O^*  t*aiTeiue,  the  aetive  ]>ririciph^  ot  cotlee,  is  tii- 
B«thyl  dioxypurin,  C",H,^N^O^ — simply  xanthin  with  three  atoms  re- 
}daced  liy  the  methyl  group  ('11^. 

Caseinog'en. — Caseinogen,  the  chief  proteid  of  milk,  is  strictly  a 
jncl^i-albnmin  and  iloes  not  yield  the  nuclein  bases;  it  bt'itrs  the  saiui^ 
l»hlion  t*>  ca-sein  that  tibrinopcn  dv^es  to  tibrirj.     When  acted  nn  hy  reii- 

It  apUts  into  two  parts  of  which  one,  the  smaller,  is  peptone-like  in 
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character.  The  other,  and  larger  part,  is  known  as  soluble  casein  and 
does  not  solidify  in  the  absence  of  calcium  salts;  as  these  ai-e  alwaji 
present  in  milk,  it  there  unites  with  them  and  forms  insoluble  calcioa 
casein ;  strictly  speaking,  therefore,  the  curd  of  milk  is  the  caldoi 
compound  of  soluble  casein.  Caseinogen  may  be  prepai-ed  by  aildingdi* 
lute  hydrochloric  acid  to  milk  until  the  mixture  is  distinctly  acid;  afloo- 
culent  precipitate  of  caseinogen  will  be  thrown  down  and  may  b2  sepa- 
rated by  filtration ;  the  fat  which  is  cai'hed  down  with  this  pi-ecipiUtfi 
may  be  removed  by  washing  with  alcohol  and  then  with  ether. 

Caseinogen  may  also  be  jirepared  by  adding  to  milk  an  excess  of  ciy« 
tallized  magnesium  sulphate  or  sodium  chloride,  either  of  which  sa- 
causes  it  to  separate  out. 

Caseinogen  gives  the  Biuret  and  Millon's  reactions  showing  the  pr^ 
ence  of  prot^id  substances,  much  the  same  tests  as  alkali-albr.min.     It 
soluble  in  distilled  water,  dilute  or  strong  alkalies,  and  sulphuric  aci^ 
but  insoluble  in  sodium  chloride  and  .2  per  cent  of  hydrochloric  acid. 

Vitellin. — Vitellin  is  prepared  from  yolk  of  egg  by  washing  wic:: 
ether  until  all  the  yellow  matter  h;us  been  removed.  The  residue  is  di^ 
solved  in  10  per  cent  saline  solution,  filtered,  and  i>oured  into  a  lar^ 
quantity  of  distilled  water.  The  precipitate  which  falls  is  impure  vitellii^ 
It  gives  the  same  tests  as  myosin,  but  is  not  precipitated  on  satui-atioJ 
with  sodium  chloride ;  it  coagulates  l)etween  70^  and  83°  C. 

Albumenoids  or  Proteoids. — The  albumenoids  belong  to  the  sim- 
ple tissues  of  the  body  which  are  derived  from  the  ei)iblast  and  are  char- 
acterized by  a  lack  of  any  dej^ree  of  aetivitj-,  either  physiological  o« 
chemical.  They  are  proteid  derivatives,  nitrogenous  bodies  derived  from 
proteid  matter  in  the  cells,  and  give  erystalline  amido-acids  and  niti-ogen- 
ous  bases  on  decomposition,  but  difl'er  from  true  proteids  in  not  having 
their  nitrogen  in  a  form  fit  for  the  idiysiolojjjieal  needs  of  the  body.  In 
other  words,  they  are  not  true  foods,  though  gelatin  has  a  certain  indirect 
food  value  as  it  protects  the  body  proteids  from  work  in  many  ways,  at 
times.  The  albumenoids  are  soluble  in  dilute  acids  or  alkalies ;  they  may 
be  distinguivshed  from  albumin  or  globulin  by  being  insoluble  in  water  or 
salt  solution  respectively. 

Gelatin. — Gelatin  is  contained  in  the  form  of  coUagenj  its  anhydride, 
in  bone  (osscin)y  teeth,  fibrous  connective  tissues,  tendons,  ligaments,  etc. 
It  ma}'  be  obtained  by  prolonged  action  of  boiling  water  in  a  Papin's  di- 
gester or  of  dilute  acetic  acid  at  a  low  temperature  (15°  C). 

Propertlta, — The  percentage  composition  is  O,  25.24  per  c?nt,  H,  6.56 
percent,  N,  17.81  per  cent,  (■,  50 per  cent,  SO,  25  per  cent.  It  contains 
uiore  nitrogen  and  less  carbon  and  sulphur  than  proteids.  It  is  amor 
phous;  and  transparent  when  dried.     It  does  not  dialyse ;  it  is  insolubk 
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Sold  water,  but  swells  up  to  about  six  times  its  volamc :  it  dissolves 
dily  oil  the  addition  of  very  dilute  acids  or  alkalies.  It  is  soluble  in 
w  water,  and  forms  a  jelly  on  cooling,  even  when  only  1  per  cent  of 
latin  is  present;  it  is  also  soluble  iu  hot  salt  solution.  Prolonged 
iling  in  dilute  acids,  or  in  water  alone,  destroys  this  power  of  farming 
jelly  on  cooling.  Its  physical  properties  seem  to  indicate  a  closer  rela* 
unship  to  albumin  than  tokevatin,  but  decomposition  proves  the  reverse, 
ft tlecom position  it  gives  2  per  cent  of  leucin  ami  2.G  per  cent  of  argeniu, 
at  no  tyrosin  f  instead  there  is  a  large  amount  of  glyeocoll  (amido-acetio 
od  or  glycin),  a  crystalline  substance. 

,  A  fairly  strong  solution  of  gelatin— 2  per  cent  to  4  per  cent — gires 
^  following  reactiuns : 

(i)  With  proteid  tests :  (i.)  Xdnthoproteie  test. — A  yellow  color  but 
no  previous  precipitate  with  nitric  acid,  tecoming  darker  on  the 
addition  of  ammonia,  (ii.)  Biurnt  ttst.—\  blue  color,  (iii-) 
3/i7/o«'s^i^^  — A  pink  color  but  no  precipitate,  (iv.)  Pofas:finm 
ferroct/an id e  and  acetic  acid, — No  reaction,  (v,)  iSoiling  with 
sodium  sulphate  and  acetic  acitl.  No  reaction, 
i)  Sj/ecitti  reactions :  (L)  No  precipitate  w^ith  acetic  acid,  (ii.)  No 
pi-ecipitate  with  dibitc  bydrochluric  acid.  (iii. )  A  white  pre- 
cipitate with  tanuic  acid>  not  soluble  iu  excess  or  in  dilute  ace- 
tic acid,  (iv.)  No  precipitate  with  mercuric  chloride,  unlike 
the  reaction  with  albu:nose  andpt^ptone.  (v.)  A  white  precipi- 
tate with  alcohol.  (vi,)  A  yellowish-white  preci[»itate  with 
picric  acitl,  dissolved  on  heating  and  reappearing  on  cooling. 
*Ua^en  is  insoluble  in  almost  everything. 

last  In  is  fuund  in  elastic  tissue,  in  the  ligament  a  subflava,  ligamen- 
nucliae,  etc.  It  is  insoluble  in  all  ordinary  reagents,  but  swells  up 
kith  m  cold  and  hot  water.  Is  soluble  in  strong  caustic  soda  slowly, 
Then  heated.  It  is  precipitated  by  tannic  acid;  does  not  gelatinize. 
Girw  tiie  proteid  reactions  with  strong  nitric  acid  and  ammonia,  and  im- 
|effeetly  witli  MiUon\s  reagent.  On  decomposition  it  gives  4.5  per  cent 
ef  lencin,  a  small  amount  of  argenin,  and  a  mere  trace  of  tyrosin.  It  is 
kfemretl  by  boiling  with  water,  then  ti-eating  with  artiticial  gastric  and 
Bpeatic  juices,  tlien  boiling  again  in  water,  and  then  extracting  with 
teds,  :iJcohol,  and  ethers;  the  remainder  is  elastin, 

Chondrin  is  found  in  the  condition  of  chondrigen  in  cartilage. 
It  13  a  mixture  of  gelatin  with  a  mucin*like  substance,  and  is  obtained 
fami  chondrigen  by  boiling. 

trs, — It  is  soluble  in  hot  water,  and  in  solutions  of  neutral 
L^.,  sulphate  of  sodium,  in  dibvtc  mineral  acids,  caustic  potash,  and 
Insoluble  in  cold  water,  alcohol,  and  ether.     It  is  precipitated 
koBi  its  soltttions  by  dilute  mineral  acids  (excess  redissolves  it),  by  alum| 
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by  lead  acetate,  by  silver  nitrate,  and  by  chlorine  water.  On  boiling  with 
strong  hydrochloric  acid,  it  yields  grape-sugar  and  certain  nitrogenoot 
substances.  Prolonged  boiling  in  dilute  acids,  or  in  water,  destroys  iti 
power  of  forming  a  jelly  on  cooling. 

Keratin  is  obtained  from  hair,  horns,  fingernails,  etc.  Its  composi- 
tion is  very  similar  to  that  of  ordinary  albumin  and  is  approximately 
C,  49.5,  H,  (5.5,  N,  16.8,  S,  4.,  O,  23.2;  the  keratins  obtained  from  the 
various  substances  are  distinct  and  differ  slightly  though  closely  related. 
Sulphur  is  the  characteristic  body  found  in  keratin  and  occurs  as  a  snl- 
phur-coiitaining  radicle;  a  large  amount  of  mercaptan  sulphur  can  usnally ; 
be  obtained.  On  decomposition,  keratin  yields  argenin  2.26  per  cent, 
leucin  10  per  cent,  and  tyrosin  4  per  cent. 

Properties,— Kerstin  is  insoluble  in  water,  salt,  sodium  carbonate,  and 
dilute  hydrochloric  acid ;  is  soluble  slowly,  when  warmed,  in  caustic  poi-  - 
ash  and  sulphuric  acid ;  gives  Millou's  and  the  xanthoproteic  reactions. 

Neurokeratin  is  a  form  of  keratin  which  is  found  in  the  white  sub- 
stance of  Schwann  around  the  axis-cylinders  of  nerves.  It  yields  arge- 
nin 5  iKU*  cent,  leucin  10  per  C(»nt,  and  tyrosin  3.5  iK?r  cent. 

Noyi-nhrnfjennus  orgmilr  bodies  consist  of 

(a)  Oils  and  Fats,  which  an^  for  tlio  most  part  mixtures  of  tn-pai" 
mithi,  C,,H,,0^,  fri-sfearht  C\,n,,„0^,  and  trl-olrhi  C^,H,„/),,  in  differen-t 
j)roportions.  Tlicy  arc  formed  ])y  the  union  of  thr<»o  molecules  of  fatt^ 
acid  with  one  molecule  of  tlie  triatomic  alcohol,  tjhjerrln  C,H^(OH)3,  anc3 
are  ethereal  salts  or  esters  of  that  alcohol.  Talmitic  acid  is  C,,H„0, 
stt^aric  acid  is  0,JI.j/>, ;  oleic  acid  is  C'^^H^/)^.  Human  fat  consists  oi 
a  mixture  of  trl-pahnifinj  tri-sfmrhiy  and  trl-olehij  of  which  the  two  formed 
con tn])uU>  three-quarters  of  tlie  whoh».  Olein  is  the  only  liquid  constita.- 
ent.    The  fat  of  milk  (and  butter)  is  tri-lmtyrine ;  butyric  acid  is  C^,H,,0^- 

Fats  are  insolubh*  in  wat<»r  and  in  eold  alcohol ;  solidjlein  hot  alcohoLa 
ether,  and  chloroform.  (Odorless  and  tasteless;  ea.sily  decomposed  or  Sfcr 
ponitied  ])y  alkalies  or  sui>er-heat<Ml  steam  into  jjjlyoerin  and  the  fatty  acid»- 

And  (1))  Carbohydrates,  which  an*,  bodies  composed  of  six  or  twelve 
atoms  of  carbon  with  hydrogen  and  oxypjen,  the  two  latter  elements  being 
in  the  j)roportion  to  form  water.  There  art^  tlirec*  main  classes  of  carbo^ 
hydrates. 

Mo nosaeeha rides  or  Glttrosejiy  C^H,^0^,  containing  one  molecule  of  su- 
gar, and  comprising  Dextrose  or  Grape  Sugar,  Loevulose  or  Fnut  Sugar^ 
Inosite,  etc.  Disarcha rides  or  Saccharoses,  CV^-j^ii>  containing  tw<P 
molecules  of  sugar  from  which  one  molecule  of  water  has  been  with- 
drawn, and  comprising  Saccharose  or  Cane  Sugar,  Lactose,  Maltose,  etc 
Polysaccharides  or  Amyloscs^  ^'J^o^\.>  containing  a  large  but  unknown 
number  of  molecules  of  sujj:ar  from  which  water  has  been  withdrawn,  and 
comprising  Starch,  Dextrin,  Glycogen,  etc. 
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Monosaccharides  are  especially  soluble  and  polysaceha- 
ially  insoluble;  moiiosaecharides  and  disaccliarides  do  not 
colored  solutiona  with  iodine  while  polysaccharides  do;  monosaccha- 
aiid  (except  saccharose)  disaccharides   reduce  Fekling's   solution 
ale  polysaccharides  do  not. 
Of  theoe  the  most  important  are ; 

Starcll  (('.H,/>^),  which  is  pontained  in  nearly  all  /fhnfa^  and  in 
Uij  M^ifdn^  rtfttts^  stem»y  and  iiotiie  frutt^.  It  is  a  soft  white  powder  com - 
Bid  of  granules  having  an  organized  structure,  consisting  of  ffranuiase 
(Dluble  in  water)  contained  in  a  coat  of  ry'/////o.sv*  (insoUihlc  in  water); 
II!  shajie  and  size  of  the  granules  varying  according  to  the  source  whence 
starch  has  been  obtained.  It  is  not  crystalline  and  will  not  dialyze. 
ift  insoluble  in  cold  w\at^'r,  in  aleoliol,  and  in  ether;  it  is  soluble  after 
for  some  time,  and  may  be  filtered,  in  consiequence  of  the  swelling 
of  the  granulose,  which  bursts  the  cellulose  coat,  and  Ijecoming  free, 
entirely  dissolved  in  water.  This  solution  is  a  fiohition  of  j^nlnble 
or  amydin.  It  gives  a  blue  coloration  wdth  iodine,  which  disap- 
on  heating  and  returns  on  cooling.  It  is  converted  into  maltose  by 
fiju^ta^,  and  by  boiling  with  dilute  acids  into  dextrose. 

Glycogen,  which  is  contained  in  the  livt^r,  is  also  present  in  all  mus- 
but  especially  in  those  of  very  young  animals,  in  the  placenta,  in 
ilorWs  corpuscles,  and  in  embryonie  tissues.  It  is  sometimes  railed 
1  starch  and  gives  many  reactions  proper  to  starch  itself.  It  is 
soluble  ill  water,  anrl  its  solution  looks  opalescent ;  it  gives  a  port- 
eoloratioii  with  iodine,  which  disappears  on  heatiui^  ar^d  returns  on 
ig.  It  i^preeipitaUnl  bybasie  lead  acetate  and  is  insnlidde  in  abso- 
iJcohol  and  in  ether.  It  exists  in  the  liver  during  life,  but  very  soon 
iter  (]f*jith  is  ehangrd  into  sugar.  It  may  bi^  prepared  by  j^rinding  nius- 
«l««rith  sand  till  a  pasty  mass  is  fiuined,  boiling  the  niuss  in  water  for 
tty  minutes,  filtering,  and  then  precipitating  the  glj'cogen  from  the 
by  adiling  a  little  more  tluiTi  an  equal  quantity  of  \}r%  per  cent  al- 
It  is  eonvert<^d  into  sugar  l)y  diastase  fiMuumts,  or  into  dex- 
l^  boiling  with  dibits  acids. 

xtrin. — This  sui>st^Miee  is  made  in  eonnn<^rcr  by  bejiting  dry  pota- 
tHtart'h  t-o  a  ti*mperature  <d-  400  .  It  is  also  produced  iu  tlie  ]*rocess  of 
^Ib conrerEion  of  starf^h  into  sugar  liy  diast^ise,  ami  by  the  salivary  and 
ttic  fennents,  A  yellowish  amorphous  powder,  solulde  in  water, 
insoluble  in  absolute  alcohol  and  in  ether.  It  correspnnds  almost  ex- 
in  tests  with  glycogen ;  l>ut  one  variety  (acbroo-dextrin)  does  not 
pT)?  the  port-wHne  coloration  with  iodine. 

Bnt  Sug^ar,  or  Saccharose,  is  contained  in  the  jniccH  of  many 
and  fniits,  and  is  as  a  rulo  extracted  from  the  ^ugar  cane,  from 
tp  or  from  tlie  maple.     It  is  crystalline  and  is  precipit-ated  from 
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concentrated  solutions  by  absolute  alcohol.  It  has  no  power  of  ledociiig 
copper  salts  on  boiling.  It  is  dextro-rotatory  (see  Appendix).  It  is  not 
subject  to  alcoholic  fermentation,  until  by  inversion  it  is  converted  into 
glucose,  it  chars  on  addition  of  sulphuric  acid,  and  on  heating  with  po- 
tassium or  sodium  hydrate. 

Lactose  is  the  chief  cai-bohydrate  of  milk.  It  is  less  soluble  ii 
water  than  glucose ;  not  sweet,  and  is  gritty  to  the  taste ;  but  it  is  insoln- 1 
ble  in  abnolute  alcohol.  In  digestion  it  yields  a  molecule  of  dexti-ose  and 
a  molecule  of  galactose.  Undergoes  alcoholic  fermentation  with  extrena 
difficulty ;  gives  the  tests  similar  to  glucose,  but  less  readily.  It  is  dex- 
tro-rotatory +  59"^. 

Maltose  is  produced  by  the  action  of  the  saliva  and  pancreatic  jaitt 
on  starch.     Tt  is  also  formed  by  the  action  of  malt  upon  starch  by  tta 
ferment  diastase,  luid  in  the  formation  of  glucose  from  stai-ch.     It  is  coor^ 
verted  into  dextrose  by  dilute  sulphuric  acid.     It  is  dextro-rotatory ;  fer 
ments  with  yeast ;  reduces  copper  salts,  and  crystallizes  in  fine  needles. 

Glucose  occurs  widely  diffused  in  the  vegetable  kingdom,  in  diabetic 
urine,  in  the  blood,  etc. ;  it  is  usually  obtained  from  grape-juice,  honey: 
beet-root  or  carrots.  It  really  is  a  mixture  of  two  isomeric  bodies,  />raP 
trose  or  grape-sugar,  which  turns  a  ray  of  polarized  light  to  the  ri^ 
(_|-  5()^),  and  Lcvvuhse  or  fruit-sugar,  which  turns  the  ray  to  the  left. 

It  is  easily  soluble  in  water  and  in  alcohol ;  not  so  sweet  as  canc-ai9 
gar ;  the  relation  of  its  sweetness  to  that  of  cane-sugar  is  as  3  to  5.  It  E 
not  so  easily  charred  by  strong  suli>huric  acid  as  cane-sugar.  It  is  net  era 
tirely  soluble  in  alcjhol.      It  unilergoes  alcoholic,  fermentation  with  yrasi: 

Dextrose  is  the  characteristic  carbohydrate  of  the  blood.  It  hastb. 
power  of  reducing  the  salts  of  silver,  bismuth,  mercury,  and  copper,  eithe 
to  the  form  of  tlie  metal  in  the  first  three  cases,  or  to  the  form  of  tht 
suboxide  in  the  case  with  cuprous  salts.  Upon  this  property  the  chis 
tests  for  the  sugar,  r.7.,  Troiumer's  aud  Bottcher\s,  dep<»nd  (see  Appera 
dix).  WluMi  boiled  with  i)otas]i,  glucic  and  melanic  acids  are  formecl 
and  a  yellowish  fluid  results  (^loore's  test).  It  is  oxidized  by  the  action 
of  nitric  acid  to  saccharic  acid.  It  forms  compounds  with  acids  andwit3 
potash  and  lime.  It  undergoes  alcoholic  fermentation  with  yeast,  an^ 
lactic-acid  fermentation  with  bacteria  lactis.  It  forms  caramel  whe:^ 
strongly  heated,  and  is  also  charred  witli  strong  acids.  For  the  method 
of  quantitative  estimation,  etc.,  see  Appendix. 

Laevulose  is  one  of  the  products  of  the  decomposition  of  cane-sngas 
by  means  of  dilute  mineral  acids,  or  by  means  of  the  ferment  ini^ertin  io 
the  alimentary  canal. 

It  reacts  to  the  same  tost  as  glucose,  but  is  non-crystallizable,  andifl 
IflBvo-rotatory  — 10(>0.  It  is  soluble  in  water  and  in  alcohol.  Its  COXtt* 
pound  with  lime  is  solid,  whereas  that  with  dextrose  is  not. 
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aiactose  is  formed  from  lactose  hy  the  action  of  dilute  mineral 
tids,  or  iDveiting  ferments;  it  may  also  be  obtained  from  eeiebrin.  It 
Udergoes  alcoholic  fermentation,  and  reduces  copper  fcalts  to  the  sub- 
side. 

laosite. — Inosite  occurs  in  the  heart  and  voluntary  muscles,  as  well 

in  beans  and  other  plants.     It  crystallizes  in  the  form  of  large  color- 

monocluiic  tables,  which  are  soluble  in  water,  bot  iiisoluble  in  aleo- 

Idl  ur  ether.     It  has  the  formula  of  glucose,  but  is  nob  a  sugar.     Inosite 

be  detected  by  eva]*orating  the  solution  containing  it  nearly  to  dry- 

,  and  by  then  adding  a  sinall  drop  of  solution  of  mercuric  nitrate,  and 

ifterward  evaporating  carefnlly  to  dryness,  a  yellowish- white  residue  is 

obtained ;  on  further  cautiously  heating,  the  yellow  changes  to  a  deep 

mse-color,  which  disappears  on  cot>ling^  but  reapiieiirs  on  heating.     If 

^t  inosite  be  almost  pure,  its  solution  may  be  evaporated  nearly  to  dry- 

^KBL    After  the  addition  of  nitric  acid,  the  residue  mixed  with  a  little 

■iuioma  and  calcium  chloride,  and  again  evaporated,  yields  a  rose-red 

^HnratioQ. 

*  Certain  of  the  nion atomic  Fatty  Acids  are  fouinl  in  the  body, 
Til-,  Formic  CH^O,,  acetic  CjH/J.,,  and  jit'ophnic  C^H/K,  present  in 
(ireat,  but  normally  in  no  other  human  secretion.  They  have  been  found 
ebewbere  in  diseased  conditions.  liiifijric  arid^  C\H^O,,  is  found  in 
tteat.  Vai'ions  others  of  these  atnds  have  been  obtained  from  blood, 
ataenlar  juice,  faeces  and  urine. 

Of  the  diatomic  fatty  acids,  one  acid,  Lticiw  ueid^  C,H^O.,  exists  in  a 
&w  state  in  muscle  plasma,  and  is  increased  in  quantity  by  muscular 
totitniction,  is  never  contained  in  healthy  blood,  and  when  present  in 
ibijormal  amoant  seems  to  produce  rheumatism. 

Of  the  aromatic  series,  Bmznle  aenif  C,H^O.,  is  always  found  in 
thf  uruie  of  herbivora,  and  can  be  obtained  from  stale  human  urine.  It 
dftfS  not  exist  free  elsewliere. 

PAmo/. ^Phenyl  alcohol  or  carbolic  acid  exists  in  minute  quantity  in 
human  urine.     It  is  an  alcohol  of  the  aromatic  series. 

Inorganic  Principles* 

The  inorganic  proximate  principles  of  the  human  body  are  numerous* 
TIioj  are  derived,  for  the  most  part,  directly  from  food  and  drink,  and 
f*^  tliroiigh  the  sj'stem  unaltered.  Some  are,  however,  decomposed  on 
liieir  way,  as  chloride  of  sodium,  of  which  only  four  tiftbs  of  the  quantity 
ingested  are  excreted  in  the  same  formj  and  some  are  newly  formed 
»itjiin  the  body,— as,  for  example,  a  part  of  the  sulphates  and  carbo- 
ttitfa,  and  some  of  the  water. 

Much  of  thi  inorganic  saline  matter  found  in  the  body  is  a  necessary 
coustiluent  of  its  structure, — as  necessary  m  it-*  w  j+y  as  jdlinmin  or  any 
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other  organic  principle ;  another  part  is  important  in  regulating  or  modi- 
fying various  physical  processes,  as  absorption,  solution,  and  the  like; 
while  a  part  must  be  reckoned  only  as  matter,  which  is,  so  to  speakf 
accidentally  present,  whether  derived  from  the  food  or  the  tissues,  and 
whicli  will,  at  the  first  opportunity,  be  exci-eted  from  the  body. 

Gases. — Tlie  gaseous  matters  found  in  the  body  are  Oxygeti^  Hydnr 
genj  Kitrogeiij  Carburetted  and  Sulphuretted  hydrogen^  afid  Carboihie  acid, 
Tlie  first  three  have  been  referred  to.  Carburetted  and  sulphuretted 
hydrogen  are  found  in  the  intestinal  canal.  Carbonic  acid  is  present  in 
the  blood  and  other  fluids,  and  is  excreted  in  large  quantities  by  the 
lungs,  and  in  very  minute  anioimt  by  the  skin.  It  will  be  specially  con- 
sidoivd  in  the  (jhapter  on  Kespiration. 

Water,  the  most  abundant  of  the  proximate  principles,  forms  a  large - 
l)ropoi-ti()n, — more  than  two-thirds  of  the  weight  of  the  whole  body.    Itl"; 
relative  tunount  in  some  of  the  ])rinei))al  solids  and  fluids  of  the  bodyil 
shown  in  the  following  table  (from  liobin  and  Verdeil's) : — 

Quantity  of  Watek  in  1000  Pauts. 


Teeth 1(K) 

I)<)ue8 130 

Cartilage 550 

Muscles 750 

Ligament 708 

Brain 7HJ) 

BlocKl 795 

Synovia 805 


Bile 880 

Milk 891 

Pancrt^atic  juice        ....  9D0 

I'rine 98S 

liVinpli MO 

Oastrie  juice         ....       Wff 

Perspimtion 98^ 

Saliva 99S^ 


The  inij)(>rtiince  of  water  as  a  constituent  of  the  animal  body  may  bCJ 
assiumnl  from  tlu^  i)receding  table,  .iuid  is  shown  in  a  still  more  striking 
manner  by  its  witlulrawid.  If  any  tissue,  as  muscle,  cartilage,  or  ten-* 
don,  be  subjected  to  heat  sufiicient  to  tlrive  off  the  greater  part  of  it^ 
water,  all  its  ('liaracteristic  i)liysical  i)roi)erties  ai*e  destroyed;  and  whafc* 
was  previously  soft,  elastic,  and  flexible  becomes  hard  and  brittle,  an<S- 
horny,  so  as  to  be  scarcely  recognizable. 

In  all  the  fluids  of  the  body — blood,  lymph,  etc*., — water  acts  th» 
part  of  a  general  solvent,  and  by  its  means  alone  circulation  of  nutrient 
matter  is  possible.  It  is  the  niediuHi  also  in  which  all  fluid  and  solid. 
aliments  are  dissolved  before  absorption,  as  well  as  the  means  by  which 
all,  except  gaseous,  excretory  i)roducts  are  removed.  All  the  various 
processes  of  secretion,  transudation,  and  nutrition  depend  of  necessity 
on  its  presence  for  their  performance. 

The  greater  part,  by  far,  of  the  water  present  in  the  body  is  taken 
into  it  as  such  from  without,  in  the  food  and  drink.  A  small  amount, 
however,  is  the  result  of  the  chemical  union  of  hydrogen  with  oxygen  in 
the  blood  and  tissue.     The  total  amount  taken  into  the  body  every  day 
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Wkt  4^  Iba. ;  while  an  ancertain  quantity  (perhaps  i  to  {  lb.)  is 
ad  by  ebemical  aci^ioti  within  it. — (Daltoti.) 

lie  lo6H  ol  water  from  the  body  is  intimately  connected  wiifa  escre- 
from  the  lungs^  skin,  and  kidneys,  and,  to  a  lemeztealy  from  tbe 
entary  canaL  The  loss  from  these  varions  organs  may  be  tboa  ap" 
iODed  (quoted  by  Dalton  fix)m  various  obs<?rvers). 

PVow  Ihe  Alimentary  canal  (ffcccs) ....  4  per  cenU 

Lungs »i       - 

"         Hkln  (perepi ration)  .......  30        • 

*•         Kidneys  (urine) I«        * 

100 

Sodium  ami  Potassium.  C7tlondes  are  present  in  neajly  all  parts  of  the 

f.     The  former  seems  to  be  especially  necessary,  judging  from  the 

auctive  craving  for  it  on  the  part  of  animals  in  whose  food  it  is  defi- 

It,  and  from  the  diseased  condition  whieh  is  ecmseqiiaiit  on  its  with- 

iwal.     In  the  blciiKl,  the  quantity  of  sodium  chloride  ia  greater  than 

ll  of  all  its  other  saluie  ingredients  taken  together.     In  the  moacdea, 

the  other  hand,  the  quantity  of  sodium  chloride  ia  leaa  thaatliat  of  tbe 

Wide  of  [jotassium. 

Colcium  FfHQruie^  in  minute  amount,  is  present  in  the  bon^  and  teeth^ 

-  havtf  l>eeii  found  iu  the  blcHjd  and  some  other  fluids. 

>n^  J'vtttjt^itifn^  Sotliufftf  *iml  Mngnr^tum  Pk0ttj/h4iiei  are  found  in 

livly  every  tissue  and  fluid.     In  some  tiaanea    the  bones  and  teetb^ — ^the 

uf  calelum  exists  in  very  large  amount  and  is  the  principal 

Jl^iat  Imnlnestt  of  texture  oh  whieh  the  proper  fterfofmanoe  of 

pea  functions  so  much  depends.     The  phosphate  of  calcium  is  intimately 

I*  d  with  the  organic  basis  or  matrix,  but  it  t*an  be  removed  by 

ijuut  destroying  tlie  general  shape  of  the  Ikjuc;  and,  after  the 

p^fid  of  its  inorganic  salts,  a  bone  is  left  soft,  tough,  and  flexible. 

mm  and  sodium  phosphates  with  the  carbonates,  maintain  the 
of  the  blood. 
tiii»  CaH>&nais  occurs  in  hones  and  teeth,  but  in  much  smaller 
the  phosphate.     It  is  found  also  in  some  other  parts.     The 
IIS  of  the  internal  etu  (otoliths)  are  composed  of  crystalline 
earUinate,  and  form  the  only  example  of  inorganic  crystalline 
existing  as  such  in  the  iKxly, 
WawMiw  and  Sti*fium  Oirbimat^s  are  found  in  the  bloodf  and  some 
ftoids  and  tissues. 

fiwj,   StMiium^  atid  Calcium   Sulphatu  are  met  with  in  small 
u  most  of  the  solids  and  fluids. 

— K  very  minute  quantity  of  silica  exists  in  the  urine,  and  in 
Traces  of  it  have  been  found  also  in  bones^  hair,  and  some 
p&rts. 
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Iron. — The  especial  place  of  iron  is  in  hsemoglobip 
ter  of  the  blood,  of  ^^hich  a  full  account  will  b^  given  w^ 
of  the  blood.     Peroxide  of  iron  is  found,  in  very  smaU 
ashes  of  bones,  muscles,  and  many  tissuos^  mul  in 
albumin  of  serum,  fibrin,  bile,  milk  and  other  fiuids; 
probably  a  phosphate,  exists  in  the  hair,  blark  pigmt.1 
colored  epithelial  or  horny  substanci.*s. 

Aluminium y  Man (janese J  Copper ^  aiid  Leud, — It  si?* 
in  the  human  body,  copper,  maiij^anesiun],  alumiu. 
merely  accidental  elements,  which,  being  tab/n  in  un^ 
the  food,  and  not  excreted  at  once  with  the  f^ees,  lu 
posited  in  some  tissue  or  organ,  of  which,  however,  ' 
sary  part.  In  the  same  manner,  arsenic,  being  uh^mn 
ited  in  the  liver  and  other  paits. 


CHAPTER  Y. 

THE  BLOOD. 

lid  medium  bj  means  of  which  nil  the  tisgues  of 
indirectly  nourished;  by  means  of  it  also  such 
Bsult  from  the  metubolism  of  the  tissues  as  are 

I  economy,  are  carried  to  the  excretory  organs  to 

iy.     It  is  a  somewhat  viscid  fluid,  and  in  man 

animula  with  the  exception  of  two/  is  red 

le  of  red   is  variable;    tluii  taken  from   the 

tde  of  the  heart  and  from  the  pulmonary  veins 

ie,  that  obtained  from  the  systemic  veins,  from 

irt,  and  from  the  pulmonary  artery,  is  of  a  much 
s  from  bluish -red  to  reddish-bhick.  At  tirst 
ears  to  belong  to  the  whole  mass  of  bloody  but 

*  hi8  is  found  not  to  be  the  case.    In  reality  blood 

rleBs  fluid,  culled  plasma  or  liquor  sanguiniSj 

numerous  minute  rounded  masses  of  proto- 

puscleSy  which  are,  for  the  most  part,  colored, 

«*  in  the  fluid  that  the  red  color  of  the  blood  is 

'n  very  thin  layers,  blood  is  npaqne^  on  account 
powers  possessed  by  its  two  constitueutSj  viz., 
'iiscles.  On  treatment  with  chloroform  and 
twi*.*,  it  becomes  traneijarent  and  assumes  a  lake 
consequence  of  the  coloring  matter  of  the  corpuscles  having 
charged  into  the  plasma.  The  sjiecifc  gravUif  of  the  blnotl 
gligVitly  at  different  times  in  accord nnce  with  the  changin*;  pro- 
C^  of  its  componeut  parts.  Of  tlje^jc,  water  is  tlie  moat  variable 
t;oent,  and  salts  the  next,  while  albumens  are  the  most  consuitit 
►  last  affected  by  disease.  Under  normul  conditions  the  averM;:e 
[gravity  in  adults  is  about  1.059,  the  normal  limits  of  vari;Uiun 
if  en  by  Becquerel  and  Rodier  aa  1.O54-L060,  by  Hammersclilug  as 
[.063,  and  by  Jones  as  1.045-1.006.  The  physiological  variations 
poDsiderable,  depending  on  the  age,  sex,  time  of  day,  amount  of 
sleep,  etc.     The  specific  gravity  is  increa.sed  by  resideuce  in 
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high  altitudes.  According  to  Jones  it  is  very  high  (1.066)  in  new-bor 
infants,  but,  after  the  second  week,  sinks  throughout  the  first  jearc 
life  (to  1.048-1.050)  and  then  rises  again,  becoming  almost  as  high  io  all 
age  as  in  infancy.  In  pathological  conditions  the  variations  maj  h 
most  marked,  e.g.y  the  specific  gravity  is  constantly  lowered  in  anasmi^ 
while  in  cachexia  resulting  from  malignant  new  growths  it  may  even  In 
reduced  to  1.030  (Lyonnct).  Various  drugs  (e,g,^  diuretics  and  difr 
phoretics)  also  affect  the  specific  gravity.  A  rapid  and  nsefnl  method 
of  estimating  the  specific  gravity  of  blood  is  the  oue  devised  by  HamIDe^ 
schlag  as  a  modification  of  Hoy's  method.  Chloroform  and  bensol^ 
which  are  respectively  heavier  and  lighter  than  blood,  are  mixed  in  sack 
propoitions  that  the  resultant  specific  gravity  is  about  1.059.  A  dropol 
blood  is  then  added  to  this  mixture,  with  which  it  does  not  mix  at  aD,! 
but  floats  as  a  red  bead.  Accordingly  as  it  sinks  to  the  bottom  or  ria^ 
to  the  top,  either  chloroform  or  benzol  is  added.  When  the  drop  re*l 
mains  stationary  in  the  body  of  the  liquid  the  specific  gravity  of  thsj 
mixture  will  bo  the  same  as  that  of  the  blood,  and  can  be  ascertained bf! 
a  hydrometer.  The  reaction  of  blood  is  faintly  alkaline  and  the  i 
saltish.  Its  temperature  varies  slightly,  the  average  being  37.8°  C.  (10 
F.).  The  blood  stream  is  warmed  by  passing  through  the  maa 
nerve  centres,  and  glands,  but  is  somewhat  cooled  on  traversing 
capillaries  of  the  skin.  Recently  drawn  blood  has  a  distinct  odoTy  whid 
in  many  cases  is  characteristic  of  the  animal  from  which  it  has 
t:ikon.  It  may  be  further  developed  also  by  adding  to  blood  a  mixtoli 
of  ( qual  parts  of  sulphuric  acid  and  water. 

Quantity  of  the  Blood. — The  quantity  of  blood  in  any  animi 
under  normal  conditions  bears  a  fairly  constant  relation  to  the  body 
weight.  The  methods  employed  for  estimating  it  are  not  so  simple  ii 
might  at  first  sight  have  been  thought  For  example,  it  would  not  b 
possible  to  get  any  accurate  information  on  the  point  from  the  amons^ 
obtained  by  rapidly  bleeding  an  animal  to  death,  for  then  an  indefini^ 
quantity  would  remain  in  the  vessels,  as  well  as  in  the  tissues;  nor,  o 
the  other  hand,  would  it  be  possible  to  obtain  a  correct  estimate  by  lei 
rapid  bleeding,  as,  since  life  would  be  more  prolonged,  time  would  t 
allowed  for  the  passage  into  the  blood  of  lymph  from  the  lymphati 
vessels  and  from  the  tissues.  In  the  former  case,  therefore,  we  shoul 
under-estimate,  and  in  the  latter  over-estimate  the  total  amount  of  tb 
blood. 

Of  the  several  methods  which  have  been  employed,  the  most  accnrat 
appears  to  be  the  following.  A  small  quantity  of  blood  is  taken  tmt 
an  animal  by  venesection;  it  is  defibrinated  and  measured,  and  used  t 
make  standard  solutions  of  blood.  The  animal  is  then  rapidly  bled  t 
death,  and  the  blood  which  escapes  is  collected.  The  blood-vessels  ar 
next  washed  out  with  saline  solution  until  the  washings  are  no  longfl 
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Dredy  and  these  are  added  to  tlio  previously  withdrawn  blood;  lastly 
1  whole  animal  is  finely  minced  with  suline  sohition.  The  fluid  ob- 
ned  from  tbe  miucings  is  curefnlly  filtered,  iind  added  to  tlie  diluted 
md  previously  obtained,  and  the  whole  is  meiisnred.  The  next  step 
the  process  is  the  comparisoii  of  the  color  of  the  diluted  blood  with 
It  of  standard  solutions  of  blood  and  water  of  a  known  strength,  until 
ts  discovered  to  what  standard  solution  the  diluted  blood  corresponds. 
t  the  amount  of  blmxi  in  the  corresponding  stiinditrd  solution  is  known, 
well  as  the  total  quantity  of  diluted  blood  obtained  from  the  animal, 
is  easy  to  calculate  the  absolute  amount  of  blood  which  the  httter  con- 
ined,  and  to  this  is  added  the  small  amount  which  was  withdrawn  to 
ftke  the  standard  solutions.  This  gives  the  total  amount  of  blood 
lich  the  animal  contained.  It  is  contrasted  with  the  weight  of  the 
limaL  previously  known. 

Tbe  result  of  many  experiments  shows  that  the  quantity  of  blood  in 
krious  animals  averages  ^^  to  ^^^  of  the  total  body-weight, 

A&  estimate  of  the  quantity  in  man  which  corresponded  nearly  with 

us  proportion,  has  been  more  than  once  made  from  the  following  data, 

I  criminal  was  weighed  before  and  after  decapitation;  the  ditference  in 

1^  weight  representing  the  quantity  of  blood  w^hich  escaped.     The 

^■t-vessels  of  the  head  and  trunk  were  then  washed  out  by  the  injec- 

Hpef  water,  until  the  fluid  which  escaped  had  only  a  pale  red  or  straw 

ibr.    This  fluid  was  then  also  weighed;   and  the  amount  of  blood 

kieh  it  represented  was  calculated  by  comparing  tlie  proportion  of 

Will  1  fitatter  contained  in  it  with  that  of  the  lirst  blood  which  escaped 

itatioD.     Two  experiments  of  this  kind  gave  preeisely  similar 

rifiiiiu.     (Weber  and  Lehmann.) 

It  should  be  remembered,  in  connection  witli  these  estimations,  that 
tte  quantity  of  the  blood  must  vary  very  cousiderably,  even  in  the  same 
laimal,  with  the  amount  of  both  the  ingesta  and  egesta  of  the  period 
hunediately  preceding  the  experiment;  it  has  been  found,  for  example, 
the  quantity  of  blood  obtainable  from  the  body  of  a  fasting  animal 
exceeds  a  half  of  that  w^hich  is  present  soon  after  a  full  meal 


Coagulation  of  the  Blood. 

One  of  the  most  characteristic  properties  wdiich  the  blood  possesses 

|ilth&t  of  dotting  or  voaf/uiafiuff.     This  phenomenon  may  be  observed 

der  the  most  favorable  conditions  in  blood  which  has  been  drawn 

tn  open  vessel.     In  about  two  or  three  minutes,  at  the  ordinary 

erature  of  tbe  air,  the  surface  of  the  fluid  is  seen  to  become  semi- 

\  Of  jelly 'like,  and  this  change  takes  place,  in  a  minute  or  two  after- 

i  at  the  sides  of  the  vessel  in  which  it  is  contained,  and  then  extends 

oghout  the  entire  mass.     Tbe  time  which  is  occupied  in  these 

ugei  is  abont  eight  or  nine  minutes.     The  solid  mass  is  of  exactly 
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the  same  volume  as  the  previonsly  liquid  blood,  and  adheres  so  close! 
to  the  sides  of  the  contaiuing  vessel  that  if  the  latter  be  inverted  mm 
of  its  contents  escape.  The  solid  mass  is  the  crassamentum  or  dot,  1 
the  clot  be  watched  for  a  few  minutes,  drops  of  a  light,  straw-colors 
fluid,  the  aerum^  may  be  seen  to  make  their  appearance  on  the  surfsoc 
and,  as  they  become  more  and  more  numerous,  to  ran  together,  form 
ing  a  complete  superficial  stratum  above  the  solid  clot.  At  the  sain 
time  the  fluid  begins  to  transude  at  the  sides  and  at  the  under-surfaoi 
of  the  clot,  which  in  the  course  of  an  hour  or  two  floats  in  the  liquid 
The  first  drops  of  serum  appear  on  the  surface  about  eleven  or  twelfu 
minutes  after  the  blood  has  been  drawn;  and  the  fluid  continues  tc 
transude  for  from  thirty-six  to  forty-eight  hours. 

The  clotting  of  blood  is  due  to  the  development  in  it  of  a  substance 
called /frriw,  which  appears  as  a  meshwork  (fig.  117)  of  fine  fibrils.  Thi 
mesh  work  entangles  and  incloses  within  itself  the  blood  corpusdeft 
The  first  clot  formed,  therefore,  includes  the  whole  of  the  constituent! 
of  the  blood  in  an  apparently  solid  mass,  but  soon  the  fibrinous  mesh- 
work begins  to  contract  and  the  serum  which  does  not  belong  to  tha 
clot  is  squeezed  out.  When  the  whole  of  the  serum  has  transuded  ths 
clot  is  found  to  be  smaller,  but  firmer  and  harder,  as  it  is  now  madeap 
of  fibrin  and  blood  corpuscles  only.  Thus  coagulation  rearranges  tbi 
constituents  of  the  blood ;  liquid  blood  being  made  up  of  plasma  and 
blood  corpuscles,  and  clotted  blood  of  serum  and  clot. 

Liquid  BUkkI. 


I  I 

Plasma.  Corpuscles. 


I 


I  I 

Serum.  Fibrin. 


Clot. 


Clotte<i  Blood. 

Under  ordinary  circumstances  coagulation  occurs  before  the  red  col 
puscles  have  had  time  to  subside;  and  thus  from  their  being  entangl© 
in  the  meshes  of  the  fibrin,  the  clot  is  of  a  deep  red  color  throughoiL' 
probably  slightly  darker  at  the  most  dependent  part,  from  greater  acco 
mulation  of  red  corpuscles  there  than  elsewliere.  When,  however,  coag 
ulation  is  from  any  cause  delayed,  as  when  blood  is  kept  at  a  tempers 
ture  slightly  above  0°  C.  (32°  F.),  or  when  clotting  is  naturally  slow,  0 
is  the  case  with  horse's  blood,  or,  lastly,  in  certain  diseased  conditioni 
particularly  in  inflammatory  states,  time  is  allowed  for  the  colored  col 
puscles  to  sink  to  the  bottom  of  the  fluid.  When  clotting  after  a  tint 
occurs,  the  upper  layers  of  the  blood  are  free  of  colored  corpuscles  an* 
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t  chiefly  of  fibrin.     This  forms  a  superficial  Bfcratnm  differing  in 
ance  from  the  rest  of  the  clot,  and  is  of  a  grajisb  yellow  color. 
is  known   as  the  bnffij  mat  or  crusia  plthgistiea.     The  buffy  coat 
iroduced  in  the  manner  just  described,  comnioDly  contracts  more  than 
rest  of  the  clot,  on  account  of  the  absence  of  colored  corpuscles 


/ 


r 


rv 


PI^  117,— BedculuxD  of  fibrUi,  fnam  a  drop  of  human  blocxt,  afU^r  treatoient  with  rosBolltD. 

fram  its  nifjfihes^  and  because  contmction  is  less  interfered  with  by  ad- 
bciion  to  the  interior  of  the  containing  vessel  in  the  vertical  than  the 
borizontal  direction.  A  cnp-like  appearance  of  the  buEy  cont  results, 
md  the  clot  is  not  only  bulled  but  cupped  on  the  surface, 

Formaiion  of  Fibrin. — Thiit  the  clotting  of  blood  is  due  to  the  grad- 
ojU  lippeamnce  in  it  of  fibrin  may  be  easily  demonstnited.  For  example, 
if  recently  drawn  blood  be  whipped  with  a  bundle  of  twigs,  the  fibrin 
my  be  withdrawn  from  the  blood  before  it  can  entangle  the  blood  eor- 
p&ides  within  its  meshes,  as  it  adheres  to  the  twigs  in  stringy  threads 
ilmogt  free  from  corpuscles;  the  blood  from  which  the  fibrin  has  been 
withdrawn  no  longer  exhibits  the  power  of  spontaneous  coagulability. 
Although  these  facts  have  long  been  knownj  the  closely  associated 
problem  as  to  the  exact  manner  in  which  fibrin  is  formed  is  by  no  means 
wtimple*     It  will  be  most  convenient  to  treat  of  the  question  step  by 

Fibrin  is  derived  from  the  plasma. 

Pure  plasma  may  be  procured  by  delaying  coagulation  in  blood  by 
keeping  it  at  a  tempemfeure  slightly  above  freezing  point,  until  the 
colored  corpuscles  have  subsided  to  the  bottom  of  the  containing  vessel; 
the  blood  of  the  horse  being  specially  suited  for  the  purposes  of  this 
ftrperimenL  A  portion  of  the  colorless  supernatant  plasma,  if  decanted 
into  another  vessel  and  exposed  to  the  ordinary  temperature  of  the  air, 
^iii  coagulate  just  as  though  it  were  the  entire  blood,  producing  a  clot 
um\hT  in  all  respects  to  blood  clot,  except  that  it  is  almost  colorless 
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from  the  absence  of  red  corpuscles.  If  some  of  the  plasma  be  dilatsl 
with  twice  or  three  times  its  bulk  of  normal  saline  solution,*  coagnb- 
tion  is  delayed,  and  the  stages  of  the  gradual  formation  of  fibrin  init^ 
may  be  conveniently  watched.  The  viscidity  which  precedes  the  «»• 
])lctc  coagulation  may  be  actually  seen  to  be  due  to  the  formation  d 
fibrin  fibrils — first  of  all  at  the  edge  of  the  fluid  containing  vessel,  anl 
then  gradually  extending  throughout  the  mass. 

If  a  further  portion  of  plasma,  diluted  or  not,  be  whipped  with  ft 
bundle  of  twigs,  the  fibrin  may  be  obtained  as  a  solid,  stringy  mass,  jnik 
ill  tlie  same  way  as  from  the  entire  blood,  and  the  resulting  fluid  nc 
longer  retains  its  power  of  spontaneous  coagulability. 

It  is  not  indeed  necessary  that  the  plasma  shall  have  been  obtaina^ 
by  the  process  of  cooling  above  described,  as  if  it  had  been  8epant9« 
f  rum  the  corpuscles  in  any  other  way,  e.g.,  by  allowing  blood  to  io^ 
direct  from  the  vessels  of  an  animal  into  a  vessel  containing  a  third  C9 
a  fourth  of  its  bulk  of  a  saturated  solution  of  a  neutral  salt  (preferaUL; 
of  magnesium  or  sodium  sulphate)  and  mixing  carefully,  will  anaw9 
the  purpose  and,  just  as  in  the  other  case  the  colored  corpuscles  wi3 
subside  leaving  the  clear  superstratum  of  (salted)  plasma.  In  ordai3 
that  salted  plasma  may  coagulate,  however,  it  is  necessary  to  get  rid  9^ 
the  salts  by  dialysis,  or  to  dilute  it  with  sevenil  times  its  bulk  of  water. 

The  second  question  which  must  be  considered  is,  from  what  mat^ 
riff  Is  of  the  plasma  is  fibrin  forniviL'^  If  plasma  be  saturated  with  solid 
magnesium  sulphate  or  sodium  chloride,  a  wliite,  sticky  precipitate  called 
by  Denis,  by  whom  it  was  first  obtained,  phisminc,  is  thrown  dowiii 
after  the  removal  of  whicli,  by  filtration,  the  plasma  will  not  spontanea 
on  sly  coagulate.  Plasmine  is  soluble  in  dilute  neutral  saline  solutioni, 
and  the  solution  of  it  speedily  coagulates,  producing  a  clot  composed  of 
fibrin.  IJlood  ])la8nia  therefore  contains  a  substance  without  which  it 
<*  mnot  coagulate,  and  a  solution  of  which  is  spontaneously  coagulabla 
This  substance  is  very  soluble  in  dilute  saline  solutions,  and  is  notj 
therefore,  fibrin,  which  is  insoluble  in  these  fluids. 

But  there  is  distinct  evidence  that  ])lasnnne  is  a  compound  bodj 
m-.i(le  up  of  two  or  more  substances,  not  all  of  which  are  requisite  tc 
form  a  clot,  and  that  it  is  not  mere  soluble  fibrin.  There  exists  in  all 
the  serous  cavities  of  the  body  in  health, «-/.//.,  the  pericardium,  the  peri 
toneum,  and  the  pleura,  a  certain  small  amount  of  tmnsparent  fluid 
generally  of  a  pale  straw  color,  wliich  in  diseased  conditions  may  1m 
greatly  increased.  It  somewhat  resembles  serum  in  appearance,  but  ii 
reality  differs  from  it,  Ijeing  in  a  measure  allied  to  plasma.  This  se- 
rous fluid  is  not,  as  a  rule,  spontaneously  coagulable,  but  may  be  madi 
to  clot  on  the  addition  of  senim,  which  is  also  a  fluid  which  has  n< 

*  Normal  saline  solution  coninionly  consists  of  a  .6  per  cent  solution  of  con 
men  salt  (sodium  chloride)  in  water. 


THE   BLOOD. 


135 


idency  of  itself  to  coagulate.     The  clot  produced  consists  of  fibrjD, 
the  clotting  is  ideiitjcal  with  the  clotting  of  plasma.     From  the 
us  fluid  (that  from  the  inflamed  iiruicd  rriffffitiUs  teftftH  or  hi/firoirle 
id  is  mostly  used)  we  may  obtain,  by  half -saturating  it  with  mlid 
LiTiia  chloride,  a  white  vit^cid   substance  as  a    precipitate  which   is 
nhrinogeru     If  fibrinogen  be  separated  by  filtration,  it  can  be  dia- 
led in  water,  aa  a  certain  amount  of  the  neutral  salt  used  in  precipi- 
igit  is  entangled  with  the  precipitate,  and  is  sufficient  to  produce  a 
lie  (6  to  8  per  cent)  saline  solution  in  which  fibrinogen,  being  a  body 
the  globulin  class,  is  soluble.     The   solution   of    fibrinogen    has  no 
iencj  to  clot  of  itself,  but  if  blood-serum  be  added  in  a  solution  of 
ifinogeiu  the  mixture  clots. 

On  tliL'  uther  hand  from  biood*serum  may  be  obtained,  by  enturation 

one  of  the  neutral  salts  above-mentioned,  a  globulin  very  similar 

properties  to  fibrinogen^  which  is  called  sentnitjInbuliH  or  p^rm/lobfi* 

Uind  it  may  be  separated  by  filtration  and  dissolved  in  a  dilute  saline 

a  m  !4  manner  similar  to  fibrinogen. 

the  solutions  of  fibrinogen  an<l  paraglobnlin  be  mixed,  the  mix- 
Caanot  be  distinguished  from  a  solution  of  plasm  in  e,  and  in  a  great 
ity  of  cases  firmly  clots  like  that  solution,  whereas  a  mixture  of 
ijdrocele  fluid  and  serum,  from  which  these  bodies  have  been  re- 
ively  taken,  no  longer  manifests  the  like  property, 
a  Jiddition  to  tfiis  evidence  of  the  com  pound  nature  of  plasm  ine,  it 
ly  be  further  shown  that,  if  sufficient  care  be  taken,  both  fibrinogen 
id  piiaglobalin  may  be  separately  obtained  from  plasnnt:  the  one, 
as  a  flaky  precipitate  by  adding  carefully  13  per  cent  of 
sodium  chloride  to  it;  and  the  otht^r,  paraglobuliUj  may  be 
vecipitated,  after  the  removal  of  fibrinogen  by  filtration,  on  the  further 
ddition  (above  20  per  cent  and  to  saturation)  of  the  same  salt  or  of 
BJigneJjiom  sulphate  to  the  filtrate.  It  is  evident,  therefore,  that  both 
hese  subs  bin  ces  must  be  thrown  down  together  when  plasma  is  at  once 
ilQmted  with  sodium  chloride  or  magnesium  sulphate,  niul  that  the 
liiiure  of  the  two  corresponds  witli  |»lasminc. 
So  far  it  has  been  shown  that  plasmine,  the  antecedent  of  fibrin,  to 
posgesision  of  which  blood  owes  its  power  of  coaguhiting,  is  not  a 
inple  bo4y,  hut  is  composed  of  at  least  two  factors — viz.,  fibrinogen 
>d  paniglohuHn;  there  is  reason  for  believing  that  yet  another  body 
pfBcipiiated  with  them  in  plasmine. 

It  wad  at  one  time  thought  that   tiie   reason   why  hydrocele  fluid 

ted,  when  serum  was  added  to  it.  wjis  tiiat  the  latter  fluid  sup- 

paraglobulin  ivhich  the  former  lacked;  this,  however,  is  not 

hydrocele  fluid  does  not  lack  this  body,  and  moreover,  if 

lin,  obtained  from  diluted  serum  by  passing  a  stream  of  car- 

i  f^m  through  it,  be  added,  no  clotting  will  take  place,     Bui  if 
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paraglobulin,  obtained  by  the  saturation  method,  be  added  to  hydrooeb 
fluid,  clotting  soon  follows,  as  it  will  also  in  a  mixed  solution  of  fibril 
ogen  and  paraglobulin,  both  obtained  by  the  saturation  method.  Fnn 
this  it  is  evident  that  in  plasmine  there  is  something  more  than  the  tvi 
bodies  above  mentioned,  and  that  this  something  is  precipitated  wiik 
the  paraglobulin  by  the  saturation  method,  and  is  not  precipitated  tij 
the  carbonic  acid  method. 

The  following  experiments  show  that  this  substance  is  of  the  nator 
of  a  ferment.  If  defibrinated  blood  or  serum  be  kept  in  a  stoppers 
bottle  with  its  own  bulk  of  alcohol  for  some  weeks,  all  the  proteidsia 
precipitated  in  u  coagulated  form;  if  the  precipitate  be  then  remove 
by  filtration,  dried  over  sulphuric  acid,  finely  powdered,  and  then  soJ 
pended  in  water,  a  watery  extract  may  be  obtained  by  further  iiltratioa 
containing  but  little  proteid.  Yet  a  little  of  this  watery  extract  w£ 
produce  coagulation  in  fluids,  e.g.,  hydrocele  fluid  or  diluted  plasms 
which  lire  not  spontaneously  coagulable,  or  which  coagulate  slowly  am. 
with  (lifUculty.  It  will  also  Ciiuse  a  mixture  of  fibrinogen  and  para^^oK 
ulin  both  obtained  by  the  Ciirbonic  acid  method  to  clot.  The  water; 
extract  appears  to  contain  the  body  which  is  precipitated  with  tb 
paraglobulin  by  the  saturation  method.  Its  active  properties  are  em 
tirely  destroyed  by  boiling.  The  amount  of  the  extract  added  does  no 
influence  the  amount  of  the  clot  fornied,  but  only  the  rapidity  of  clot 
tin<^,  aiul  moreover  the  active  substance  contained  in  the  extract  evi 
dently  does  not  form  part  of  the  clot,  as  it  may  be  obtained  from  th^ 
serum  after  blood  has  clotted.  So  that  the  substance  contained  in  tiw 
aqueous  extract  of  blood  appears  to  belong  to  that  class  of  bodies  whid 
promote  the  union  of,  or  cause  changes  in,  other  bodies,  without  them- 
selves entering  into  union  or  undergoing  change;  these  are  known  ai 
ferments.  It  has,  therefore,  received  the  immQ  fibrin  ferment  or  throm* 
bin.  This  ferment  is  developed  in  the  blood  soon  after  it  has  beei 
shed,  and  its  amount  continues  to  increase  for  some  little  time  (p 
13:3). 

So  far  we  have  seen  that  plasmine  is  a  body  composed  of  three  sub 
stances,  viz.,  fibrinogen,  paraglobulin,  and  fibrin  ferment.  But  we  sbal 
see  that  only  two  of  them  are  necessary  to  coagulation. 

Relation  of  Calcium  Salts  to  Coagulation.— Blood  will  no 
clot  except  in  the  presence  of  soluble  calcium  salts.  If  potassium  0 
sodium  oxalate  be  added  to  blood  as  it  is  drawn  from  the  vessels  in  quau 
titles  suflicient  to  precipitate  the  calcium  salts,  coagulation  will  n 
longer  occur.  But  blood  which  has  thus  lost  its  coagulability  may  b 
made  to  clot  upon  the  addition  of  soluble  calcium  salts  in  proper  propoi 
tion.  This  fact  has  been  demonstrated  not  only  for  blood,  but  for  solu 
tions  of  pure  fibrinogen. 

Jlieories  if  Coagulation, — All  present  theories  of  coagulation  agre 
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ii  ibat  fihriii  is  formed  by  a  reaction  between  fibrinogeti  and  throiribin* 
ieyond  this,  however,  there  is  some  diflPerence  of  opinion.  The  chief 
fRjints  at  issue  are;  (1)  the  origin  of  fibrinogen;  (2)  tlie  nature  of 
ttsrambiD;  (3)  the  nature  of  tbe  reuction  between  fibrinogen  and 
thrombin. 

L  Hammarsten  has  shown  that  tbe  uresenco  of  paraglobiilin  is  nut 
icE^ary  for  coagtilatioii.  Scbniidc  belie vea,  however,  that  fibrinogen 
irived  from  paraglobulin  after  the  blood  i,s  sbed  from  the  body. 
1  The  nature  of  tlirombin  ia  not  as  yet  guti-factorily  determined, 
illmring  has  conchided  from  experiment  tliat  thrombin  is  a  coni- 
idof  a  Ducleo-albumiu  with  the  ciileium  salts  of  the  blood.  He  has 
leeded  in  separating  from  hlnod -plasma  a  imcleo-nlbnmin,  which 
brought  into  solution  witli  fibrinogen  and  calcium  salts  will  form 
If,  however,  this  ntTclco-alhnmin  be  brought  into  contact  with 
T  fibrinogen  alone  or  calcinnj  gidts  nlone,  no  clotting  will  occur, 
'ekelharing  further  supposes  that  thrombin  is  not  jiresent  in  blonn 
latiog  in  the  body — at  any  rate  in  greater  than  minimal  quantities; 
that  when  blood  is  drawn  or  for  other  reasons  coagulates  iu  the 
',  the  white  blood-cell^j  break  down,  nncleo-albumin  is  liberated,  and 
Qoites  with  the  calcium  salts  to  form  thrombin, 
Tbe  nature  of  tlie  it^action  between  fibrinogen  and  thrombin  has 
lieen  definitely  determined*  Hammarsten  has  proved,  however,  that 
the  entire  fibrinogen  molecule  does  not  enter  into  tbe  reaction  to  become 
llWin.     A  part  of  it  splits  off  and  passes  into  solution  as  fibrin-globulin. 

ScHXMi.  or  rOAQrUkTlON. 

Blood 


PlAKtna 


otrvl  Salts       Flbntiojetfa        CfLkium  S&lta 


Fibrin -globuliD 


Corpu«cJ«?« 


White 


Nucleo&lbticaiii 


Thr-^mbiu 


Fibrin 


here  ia  strong  evidence  that  fibrin  is  a  compound  of  calcium  with  a 
DTtioD  of  the  fibrinogen  molecule.  There  are  three  factors,  then,  in 
ie  reoction — ^fibrinogen,  Tuicleo-nlbnmin,  calcium  salts.  According  to 
|hariDg«  the  nncleo-albumin  first  combines  with  the  calcium  aaits* 
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forming  thrombin,  which  in  turn  causes  a  splitting  of  the  flbrinogei 
molecule — the  calcium  remaining  with  one  portion  of  the  molecule  to 
form  insoluble  fibrin,  the  other  portion  passing  into  solution  as  fibrin- 
globulin.  According  to  Lilienfeld,  the  reaction  first  occurs  between  tin 
fibrinogen  molecule  and  the  nucleo-albumin,  resulting  in  a  splitting  d' 
the  former.  A  portion  of  the  fibrinogen  molecule  then  unites  with  tha 
calcium  salts  to  form  fibrin. 

Sources  of  the  Fibrin  Vermont. — Fibrin  ferment  cannot  be  obtained, 
in  any  appreciable  amount  from  blood  which  is  allowed  to  flow  direct 
from  the  living  vessel  into  absolute  alcohol.  It  is  almost  certainly  m 
result  of  the  more  or  less  complete  disintegration  of  the  colorless  cok* 
puscles  after  blood  is  shed,  or  of  the  third  corpuscles  which  will  be  d^ 
scribed  later  on  under  the  name  of  hhod  platelets.  The  proofs  of  thm 
may  be  briefly  summarized  as  follows: — (1)  That  all  strongly  coagulabl* 
fluids  contain  these  corpuscles  almost  in  direct  proportion  to  their  coiS 
ulability;  (2)  That  clots  formed  on  foreign  bodies,  such  as  needles  prc^ 
jecting  into  the  interior  or  lumen  of  living  blood-vessels,  are  precede*^ 
by  an  aggregation  of  colorless  corpnscles;  (3)  That  plasma  in  whiA 
these  corpuscles  happen  to  be  scanty  clots  feebly;  (4)  That  if  horse'tf 
blood  be  kept  in  the  cold,  so  that  the  corpuscles  subside,  it  will  he 
found  that  the  lowest  stratum,  containing  chiefly  colored  corpuscles^ 
will,  if  removed,  clot  feebly,  as  it  contains  little  of  the  fibrin  factors^ 
whereas  the  colorless  plasma,  esjiecially  the  lower  layers  of  it  in  whicb 
the  colorless  corpus  les  are  most  numerous,  will  clot  well,  but  if  filtered 
in  the  cohl  will  not  clot  so  well,  indicating  that  when  filtered  nearly 
free  from  colorless  corpuscles  even  the  plasma  does  not  contain  suflicient 
of  all  the  fibrin  factors  to  produce  thorough  coagulation;  (5)  In  a  drop 
of  coagulating  blood  observed  under  the  microscope  the  fibrin  fibrils  are 
seen  to  start  from  the  colorless  corpuscles. 

Conditions  affecting  Coagulation.— The  coagulation  of  the  blood 
is  hastened  by  the  following  means: — 

1.  Moderate  warnit/i,—iTom  about  37.8-49°  C.  (100°  to  120''  F.). 

2.  Befit  is  favorable  to  the  coagulation  of  blood.  Blood,  of  whicb 
the  whole  mass  is  kept  in  uniform  motion,  as  when  a  closed  vessel  com- 
pletely filled  with  it  is  constantly  moved,  coagulates  very  slowly  and 
imperfectly. 

3.  Contact  irith  foreign  matter,  and  especially  multiplication  of  th« 
]>oints  of  contact.  Thus,  as  before  mentioned,  fibrin  may  be  quickl] 
obtained  from  liquid  blood  by  stirring  it  with  a  bundle  of  small  twigs; 
una  even  in  the  living  body  the  blood  will  coagulate  upon  rough  bodiei 
projecting  into  the  vessels. 

4.  Injuri/  to  the  walls  of  the  blood -vessels, 

5.  The  addition  of  less  than  twice  thf  bulk  of  water. 
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Tbe  blood  last  drawn  is  siiid,  from   being  more  watery,  to  coagulate 
!  quickly  than  the  first. 
Tlie  coagulation  of  the  Wood  is  retarded,  suspended,  or  pre* 
atcd  by  the  following  means : — 

L  Cold  retards  coagulation;  and  so  long  as  blood  ie  kept  at  a  tem^ 
^ure  0^  C,  (32°  F.),  it  will  not  coagulate  at  all  Freezing  the  blood, 
[  course,  prevents  its  coagnlutioii ;  yet  it  will  coagulate,  though  not 
aly,  if  thawed  after  being  frozen;  and  it  will  do  so  even  after  it  has 
I  frozen  for  several  months,  A  higher  femperai are  than  49''  C,  (120° 
I  ill  retards  coagulation  by  coaeolating  the  albumen  of  the  serum,  and 
l^itiU  higher  one  above  50*^  C.  (133'  F.)  prevents  it  altogether. 

2.  The  addition  of  v:nier  in  greater proptirtion!^  thfin  in' ice  the  bulk 
M  the  blood,  also  the  addition  of  syrvp^  f/hfrf'ritu\  and  fffhvr  viscid  sub- 

t  Contact  with  Uvinrf  tii^suet*^  and  especially  with  the  interior  of  a 
ig  blood-vessel.     Blood  may  be  kept  fluid  in  a  tortoise's  heart  after 
loral  from  the  body  for  several  days,  and   if  the  jugular  vein  of  a 
hgatureil   in  two  places  so  tis  to  include  within  it  blood,  and 
be  removed  from  the  body  and  placed  in  a  cool  place,  the  contained 
^^  will  remain  unclottcd  for  hours  or  even  days, 
i  TJit  addition  of  nctfirai  sftUs  in  the  proportion  of  2  or  3  per  cent 
id  upward.     When  added  in  large  proportion  most  of  these  saline  sub- 
it^  prevent  coagulation  altogether.     Coagulation,  however,  ensues 
iiloiron  with  water.     The  time  during  which  blood  can  be  thus  ]>re- 
^ed  in  a  Hqnid  state  and  coagulated  by  the  addition  of  water,  is  quite 
ItfiDite. 

5,  In  inflmnmniory  states  of  the  sifsiem  the  blood  coagulates  more 
It  although  more  firmly. 

6,  Tlie  coagulation  of  the  blood  la  prevented  altogether  hif  the  addi- 
(*f  4ro}ig  acids  and  caffstic  aihdirs,  ami  also  by  the  addition  of  a  0,1 
cent  solution  of  potaAsinm  oxfrlftte,  which  precipitates  the  soluble  cal- 

salt  present  in  the  blood,  in  the  form  of  insoluble  calcium  oxalate. 
nt  the  presence  of  soluble  calcium  salt,  blood  does  not  coagulate. 

7,  The  injection  of  commercial  ]}eptone  containing  album oses,  or  of 
Mrious  digestive  ferments,  ejj,,  trypsin  or  pepsin,  into   the  vessels  of 

&nimal  appears  to  prevent  or  stay  coagulation  of  its  blood  if  it  be 
Sed  soon  after.  The  secretion  of  the  mouth  of  the  leech,  and  possibly 
blood  squeezed  out  of  its  body  when  full,  also  prevents  the  clotting 
added  to  blood. 

It  18  stated  that  the  reason  why  blood  does  not  coagulate  in  the  tiring 
wt^ig^  that  the  factors  which  are  necessary  for  the  formation  of  fibrin 
not  in  tUe  exact  state  required  for  its  production,  and  that  at  any 
Ite  the  fibrin  ferment  is  not  formed  or  is  not  free  in  the  living  blood, 
Bt  that  it  is  produced  (or  set  free)  at  tlie  moment  of  coagulation  by  the 
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disintegration  of  the  colorless  corpuscles.  This  supposition  is  certain!; 
plausible,  and,  if  it  be  a  true  one,  it  must  be  assumed  either  that  th 
living  blood-vessels  exert  a  restraining  influence  upon  the  disintegratifli 
of  the  corpuscles  in  sufficient  numbers  to  form  a  clot,  or  that  they  reft 
der  inert  any  small  amount  of  fibrin  ferment,  which  may  have  been  ail 
free  by  the  disintegration  of  a  few  corpuscles;  as  it  is  certain,  firstly, 
that  white  corpuscles  must  from  time  to  time  disintegrate  in  the  blod 
without  causing  it  to  clot;  and,  secondly,  that  shed  and  defibrinatei 
blood  which  contains  blood  corpuscles,  broken  down  and  disintegrated, 
will  not,  when  injected  into  the  vessels  of  an  animal,  under  ordinal^ 
conditions,  produce  clotting.  There  must  be  a  distinct  diflfereooa^ 
therefore,  if  only  in  amount,  between  the  normal  disintegration  of  a  for 
colorless  corpuscles  in  the  living  uninjured  blood-vessels  and  the  abnoi^ 
nial  disintegration  of  a  large  number  which  occurs  whenever  tlioblooaj 
is  shed  without  suitable  precaution,  or  when  coagulation  is  unrestrainii 
by  the  neighborhood  of  the  living  uninjured  blood-vessels. 


The  Blood  Qorpuscles. 

There  are  two  principal  forms  of  corpuscles,  the  red  and  the  frAt7^,oi» 
as  they  are  now  frequently  named,  the  colored  and  the  colorless.  In  lihi 
moist  state,  the  red  cor])Uscle8  form  about  45  per  cent  by  weight,  of  tin 
whole  mass  of  the  blood.  The  proportion  of  colorless  corpuscles  is  oiJj 
as  1  to  500  or  600  of  the  colored. 

Red  or  Colored  Corpuscles. — Human  red  blood-corpuscles  *^ 
circular,  biconciive  discs  with  rounded  edges,  from  j-yVir  to  j-gVjr  ^^^^  ^ 
diameter  7/x  to  8,",  and  tsoTmt  i^^'^  or  about  2/^  in  thickness,  becomin 
flat  or  convex  on  addition  of  water.  When  viewed  singly  they  appei 
of  a  pale  yellowish  tinge;  the  deep  red  color  which  they  give  to  tb 
blood  being  observable  in  them  only  when  they  are  seen  en  tnasn 
They  are  composed  of  a  colorless,  structureless,  and  transparent  film 
framework  or  stroma,  infiltrate<l  in  all  parts  by  a  red  coloring  mattc 
termed  hwmoglobin.  The  stroma  is  tough  and  elastic,  so  that,  as  tfa 
corpuscles  circulate,  they  admit  of  elongation  and  other  changes  of  forn 
in  adaptiition  to  the  vessels,  yet  recover  their  natural  shape  as  soon  a 
they  esciipe  from  compression.  The  term  cell,  in  the  sense  of  a  bag  « 
sac,  although  sometimes  applied,  is  scarcely  applicable  to  the  red  bloo 
corpuscle;  it  must  be  considered,  if  not  solid  throughout,  yet  as  bavin 
no  such  marked  difference  of  consistence  in  different  parts  as  to  justii 
the  notion  of  its  being  a  membranous  sac  with  fluid  contents.  Tl 
stroma  exists  in  all  parts  of  its  substance,  and  the  coloring-matter  OB 
formly  pervades  this:  but  at  the  same  time  it  is  probable  that  the  ooi 
sistence  of  the  peripheral  part  of  the  proto]>lasm  is  more  solid  than  thi 
of  the  more  central  mass. 
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'ed  corpuscles  hn\e  no  nuclei,  althoogli,  in  their  usual  state,  the 
aequul  refraction  of  transmitted  light  gives  the  appearance  of  a  cen- 
ml  spot,  brighter  or  darker  than  the  border,  according  m  ifc  is  viewed 
I  or  out  of  focuH,     Their  specitic  gravity  is  about  1088, 

The  corpuscles  of  all  mammals  with  the  exception  of  the  camelidae 
te  circular  aud  biconcave.  In  the  eamelidse  the j  are  oval  and  bicon- 
ex.  In  all  mammals  the  corpuscles  are  non-nucleated,  and  in  all  other 
iertebrate«  (birds,  reptiles,  ainphibiaj  and  fish),  the  corpuscles  are  oval 
iconYex  and  nucleated  (fig*  121). 

Xftmders^ — The  normal  number  of  red  blood  cells  in  a  cubic  milli- 
iietre  of  human  blood  was  estimated  by  Weleker,  in  1854,  to  be  5,000,000 
Hmen  and  4,500,000  in  women.  Kecent  observations,  however,  have 
lown  that  these  estimates  are  a  little  low,  especially  in  men,  and  the 
[Terage  number  has  been  }»iaced  by  different  authorities  at  various  points 
tetween  5,OO0»00O  and  5,500,000,  or  even  6,000,000,  Still  the  original 
iunibers  as  given  by  Welcker  are  accepted  at  the  present  day  as  being 
fficiently  accurate  for  ordinary  purposes.  It  has  also  been  Lhown  that 
lere  are  many  distinct  physiological  variations  in  tlie  number,  depend- 
ig  on  the  time  of  day,  digestion,  sex,  and  pregnancy.  The  number 
Ted  cells  usually  diminishes  in  the  course  of  each  day,  while  the 
tcocytes  increase  in  number.  It  has  been  suggested  that  this  is  due  to 
influence  of  digestion  and  exercise. 

It  has  generally  been  found  that  within  half  an  hour  or  an  hour 
ifUfT  a  full  meal  the  number  of  red  cells  begins  to  diminish,  and  tlmt 
llis  keeps  up  for  from  two  to  four  hours,  when  it  is  followed  by  a 
idnal  rise  to  the  normal.  The  usual  fall  is  250,000  to  750,00i'>  per 
ic  millimetre.  These  results  are  most  marked  after  a  largely  fluid 
leal,  and  are  probably  due  to  dih;tion  of  the  blood  as  a  result  of  the  ab- 
lorption  of  fluids.  In  animals  the  number  of  red  cell^  is  increased  by 
IbtiBg,  but  in  man  the  results  are  variable,  some  authorities  claiming 
increAse  and  others  a  decrease.  In  childhood  there  is  no  difference 
eeu  the  sexes  in  tlie  number  of  red  cells  per  cubic  millimetre,  but 
roenstrnation  is  established,  a  relative  anaemia  develops  in  women, 
Vlcker'*s  original  estimate  placed  the  difference  at  500,000  per  cubic 
Jfiiliimetre,  and  these  figures  have  been  generally  accepted j  though  one 
er  (l^eichtenstein)  asserted  that  the  difference  was  1,000,000. 
it  inv^sstigations,  however,  seem  to  show  that  Welcker*s  estimate  is 
Kltle  too  great. 

Menstruation  in  healthy  subjects  has  practically  no  effect,  as  not  more 

iaalO«i-*300  cubic  centimetres  are  lost  normally  in  the  course  of  several 

Under  such  circumstances  the  normiil  diminution  of  red  cells  per 

lri4S  millimetre  is  probably  less  than    150^000,  though   one  observer 

eui)  has  placed  the  loss  at  about  225,000.     Some  observers,  on  the 
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other  band,  claim  au  increase.  The  leucocytes  are  slightly  ii 
during  nienstruatioo.  It  is  now  the  general  opinion  that  pregnancy  liil 
little  or  no  effect  on  the  numher  of  red  cells,  and  that  any  anaemii 
must  be  due  to  abnormal  conditions.  Post-partnm  ansemia  should  ooti 
last  longer  than  two  weeks. 

Varieties, — The  red  corpuscles  are  not  all  alike.     In  almost  evi 
specimen  of  blood  a  certain  number  of  corpuscles  smaller  than  the 
may  be  observed.     They  are  termed  microcytes^  or  hwmafohhsfs,  and 
probably  immature  corpuscles. 

A  peculiar  property  of  the  red  corpuscles,  which  is  exaggerated 
inflammatory  blood,  may  be  here  again  noticed,  t.p.,  their  great  tend 
to  adhere  together  in  rolls  or  columns  (rouleaux),  like  piles  of  coi 
These  rolls  quickly  fasten  together  by  their  ends,  and  cluster;  sot! 
when  the  blood   is  spread  out  thinly  on  a  glass,  they  form  a  kiud 
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Fie  lis.  rig,  no. 

Fig.  lis.—  R*h1  c( irpuHi'l«fi  111  rouleaiuc.    The  rmmded  cxirputdfw  ww  white  or  unoolorrd 
FlK^.  1 10  —  i;i;<rpubck«s  of  the  tn^.    The  centml  mMfi  coostots  of  oDCteftfied  cnlored  < 
Tto©  other  curpiiscleM  art?  I  wo  varieties  of  the  colorieai  form. 

irregular  network,  with  crowds  of  corpuscles  at  the  several  points  ( 
responding  with  the  knots  of  the  net  (fig.  118)*     Hence  the  clot  forn 
in  such  a  thin  layer  of  blood  looks  mottled  with  blotches  of  pink  uj 
a  white  ground,  and  in  a  larger  quantity  of  blood  such  masses  help,  1 
the  consequent  rapid  subsidence  of  the  corpuscles,  in  the  formation  ol 
the  buflfy  coat  already  referred  to. 

Action  of  Re-agents.--Coiisi*lerable  light  Ima  been  thrown  on  the  physi 
and  chemical  conhtitution  of  red  likwd-eells  by  study in^;;  the  effects  produ 
by  mechanical  means  and  by  vainous  reagents:  tlio  follmvitig   is  a  brief 
mary  *>f  tlKse  re -actions : — 

Pressure.— If  the  red  blood-cella  of  a  frog  or  man  are  gently  squeezed, 
exhibit  a  wrinkling  of  tlie  surface,  which  clearly   indicates  that  there 
superficial  iielliele  partly  ditfereutiated  from  the  softer  mass  within  ;   again,! 
a  needle  be  rajudly  tlrawu  across  a  dro]i  of  blixKl,  several  corpuscles  willl 
found  cut  in  ti^'o,  but  this  ia  not  accompanied  by  any  eseajie  of  cell  contents  j 
tlie  two  halves,  on  the  contrary,  assume  a  rounded  form,  provinj^  clearly  Ihtt 
the  corpuscles  are  not  mere  membranous  sacs  with  fluid  cont+^nte  like  fat  cells. 
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i.    Tr/i<<^r— When  wafer  is  iuMffl  p:ra(lually  to  frog 'a  blood,  tlie  oval 
C'ABped  corpuscles  bec50me  spherical,  and  jppratlually  discharge  their  hsBmo- 
^io,  a  pale»  transpareufc  stroma  beiDg  left  behind ;  human  red  blood-cellB 
m^  from  a  disco itlal  to  a  .spheroidal   form,  and  diHcharge 
eir  cell -COD  tents*  becomiiig  quite  transparent  and  all  but  in-  ^  ^ 

ii.  Saline  soiutian  produces  no  appreciable  effect  on  the  red 
lood-oellfi  of  the  frog.     In  the  red  bloml-eells  of  man  tlie  dis- 
Bldiliftpe  ia  exchanged  for  a  spherical  one,  with  spinous  pro- 
■ilions,  like  a  hor^ie- chestnut  (Sk^  120),     Their  original  forms  can  be  at  once 
fbed  by  the  use  of  carbonic  acid. 

liL  Acetic  acui  (dilute)  causes  the  nucleus  of  the  red  hlcxKl-celin  in  the  frog 

to>>pcoTiie  more  clearl}'  delioed  ;  if  tlie  action  is  prolonged,  the  nucleus  become* 

l-itt  d,  and  all  the  coloring  matter  seems  to  be  concentrated  in  it^ 


Fig.  jao. 
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r  alt*»w<l  from  a  drawlni^by  Gulliver,  In  the  Prooeod., 
'  t  s  of  thp  reel  blocKi-cellj*  in  thtj  tiiaiu  t!h  I'sioDrt  of  th^ 

tis  arc  [Isi'b'j  i.l  [iii  iulIk  and  represefit  th©  averapcMiiamf  ter     In  the  case 

flfaeofil  te  '  long  <lianipt<?r  in  h*-re  ji?ivt*a.    It  is  remarkiiblt^,  that  althanph  thi'*  sixe  tjf 

fctiwl  bioc-i  •  »  so  much  In  tlie  flifTeivnt  claaeeB  of  tb»  vert«bmi<?  kineii*»rn,  that  of  the 

I'liecoqwick^  rr'ni/uud  cottuparatively  UDifonn.  an<1  thus  they  arf^Jn  Bouit;  animals,  iimch  gr«atet'. 
iMbtft  much  1^  Lbxua  tlie  r«d  oorpuacl^  ezit$tiag  i^klti  by  aide  wttb  them. 


!  mrroundtng  eel  I -au  balance   and   oullirnj   of  the  cell  becoming  almoist  invisi- 
i^fter  a  It  me  the  cells  lose  their  color  « I  together.      The  cells  in  the  Mgure 
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(fig.  122)  represent  the  successive  stages  of  the  change.  A  similar  loss  of  color 
occurs  in  the  red  cells  of  human  blood,  which,  however,  from  the  afaeenoe  of 
nuclei,  seem  to  disappear  entirely. 

iv.  Alkalies  cause  the  red  blood -celb  to  swell  and  finally  to  disappear. 

y.  Chloroform  added  to  the  red  blood-cella  of  the  frog  causes  them  to  pait^ 
with  their  haemoglobin ;  the  stroma  of  the  cells  becomes  gradually  broken  iipL 
A  similar  effect  is  produced  on  the  human  red  blood-cell. 

vi.  Tannin.— When  a  2  per  cent  fresh  solution  of  tannic  acid  is  applied  U 
frog's  blood  it  causes  the  appearance  of  a  sharply -defined  little  knob,  pfojee^i 
ing  from  tlie  free  surface  {Roberts'  nuicula)  :  the  coloring  matter  becomei  it 
tlie  same  time  concentrated  in  the  nucleus,  which  gpx)ws  more  distinct  (4^ 
123) .     A  somewhat  similar  effect  is  produced  on  the  human  red  blood  corpuda 

vii.  Magenta,  when  applied  to  the  red  blood-cells  of  the  frog,  prodnoem 
similar  little  knob  or  knobs,  at  the  same  time  staining  the  nucleus  and 
the  discharge  of  the  haemoglobin.  The  first  effect  of  the  magenta  ia  to 
tlie  discharge  of  the  haemoglobin,  then  the  nucleus  becomes  suddenly 
and  lastly  a  finely  granular  matter  issues  through  the  wall  of  the  corpiisd^, 
becoming  stained  by  the  magenta,  and  a  macula  is  formed  at  the  point  of 
cape.     A  similar  macula  is  produced  in  tlie  human  red  blood-cells. 

viii.  Boric  acid. — A  2  per  cent  solution  applied  to  nucleated  red  blood-odh 
(frog)  will  cause  the  concentration  of  all  the  coloring  matter  in  the  nocknil 
the  colored  body  thus  formed  gradually  quits  its  central  position,  and  oomeiti 
be  partly,  sometimes  entirely,  protruded  from  the  surface  of  the  now  ooloikl 
cell  (fig.  124) .     Tlie  result  of  this  experiment  led  Brdcke  to  distinguish 
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Fig.  128.  Fig.  123.  Fig.  la*.  Fig.  125.  Fig.  118i 

Effect  of  acetic  acid.      Effect  of  tannin.     Effect  of  boric  acid.     Effect  of  gaae*.      Effect  of  hett 

colored  contents  of  the  cell  {zooid)  from  its  colorless  stroma  (OBCOtd).  WbaP 
applied  to  the  non -nucleated  inammalian  corpuscle  its  effect  merely  resembM 
that  of  other  dilute  acids. 

ix.  x\mmoui(t.—\ii^  effects  seem  to  vary  according  to  the  degree  of  concen- 
tration. Sometimes  the  outline  of  the  corpuscles  becomes  distinctly  crenated  S 
at  other  times  the  effect  resembles- that  of  boracic  acid,  while  in  other  caiMfl 
the  edges  of  the  c<)ri>uscles  begin  to  break  up. 

Gases.  CarlHwicacid.—lt  the  red  blocnl-cells  of  a  frog  be  first  exposed  tfl 
the  action  of  water-vaiK)r  (which  renders  their  outer  pellicle  more  readily  per- 
meable to  gases),  and  then  acted  on  by  carbonic  acid,  the  nuclei  immediatel;^ 
become  clearly  defined  and  strongly  granulated  ;  when  air  or  oxygen  is  admittoC 
the  original  apiK»arauce  is  at  once  restored.  Tlie  upper  and  lower  cell  in  fig; 
125  show  the  etfect  of  carl)onic  acid  :  the  middle  one  the  effect  of  the  re-admit> 
sion  of  air.  Thesi*  effects  can  be  reproduced  five  or  six  times  in  succession. 
If,  however,  the  action  of  the  carlxjnic  acid  be  much  prolonged,  the  granular 
tion  of  the  nucleus  becomes  i^ermanent ;  it  api>ears  to  depend  on  a  coagulation 
of.  the  paraglobuliu. 

Heat.— Tlie  effect  of  heat  up  to  50  —OO"  C.  (120—140'  F.)  is  to  cause  tfai 
formation  of  a  number  of  bud-like  piwesses  (fig.  126). 
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Electricitj  causes  the  red  blooil  corpuscles  in  beromt*  crenaleiL  and  at  length 
llbefTylike.     Finally  they  reeover  their  round  form  and  become  quit**  pale. 

The  Colorless  Corpuscles. — In  human  blood  the  white  or  color- 
corpuscles  or  leucoct/kft  are  nearly  spherical  maasea  of  granular  pro- 
Hhout  cell  wall.     In  all  cases  one  or  niore  nuclei  exist  in  each 
lacle.     The  corpuscles  vary  considerably  in  size,  hut  average  ^j^^  of 
inch  (10/i)  in  diameter. 

There  vias  for  some  time  a  general  acceptance  of  the  original  estimate 
Weicker  that  there  were  about  13,500  leucocytes  in  each  cubic  milli- 
of  normal  human  blood.     But  improved  methods  and  appliances, 
ially  the  introdoction  of  the  Thoma  h.iematocy  to  meter,  soon  proved 
tt  these  figures  were  too  high,  and  that  the  number  was  about  7,500. 
le  latter  estimate  is  upheld  by  the  results  of  the  most  recent  investiga- 
ins,  Rieder  placing  the  number  in  adults  at  7,680,  Limbeck  at  8,000  to 
,000,  and  Reinert  at  5,1:^5  at  6  a,m,  and  S,2G2  at  4  p.m.     Therefore  the 
^portion  of  white  to  red  cells  (counting  5,000,000  of  the  latter  to  each 
ic  millimetre)  is  about  I  to  606,     This  proportion  is  in  no  way  to  be 
led  as  a  constant  one  in  health,  as  considerable  variations  occur  fre- 
itly,  even  in  the  course  of  the  same  day.     The  chief  physiological 
ttioDS  are  those  due  to  the  influence  of  digestion,  of  pregnancy,  and 
!bfancy. 

After  a  full  meal  the  white  cells  in  a  healthy  adult  are  increased  in 

iber  about  one-third  (Rieder),  the  increase  beginning  within  an  hour, 

tug  a  maximum  in  three  or  fonr  hours,  and  then  gradually  falling 

bormah     This  process  is  frequently  modified  by  the  character  of  the 

I,  the  greatest  increase  occurring  with  an  exclusively  meat  diet,  while 

Ifarely  vegetarian  diet  has  usually  no  eilcct     The  increase  is  also  mora 

'ited  in  children,  and  especially  in  infanta.      The  essential  factor  is 

ibly  the  absorption  of  albuminous  matter  in  considerable  quantities; 

causes   proliferation    of   leucocytes    in    the   adenoid  tissue  of  the 

intestinal  tract.     In  i)regnancy  there  is  often  a  moderate  increase 

the  number  of  white  cells  during  the  latter  months.     This  does  not 

until  after  the  tliird  month,  and  is  most  marked  and  constant  in 

imipaise.     After  parturition  the  leucocytes  gradually  diminish  under 

il  conditions,  and  usually  reach  tlie  normal  within  a  fortnight. 

enenttal  factor  is  probably  tlie  general  stimulation  in  the  maternal 

laism.     It  is  well  established  that  the  white  cells  aro  very  numerous 

the  new-born,  though  different  observers  have  made  very  conflicting 

Am,     Still  all  agree  that  there  is  a  very  rapid  decrease  in  their  num- 

daring  the  first  few  days,  and  that  this  is  followed  by  a  less  marked 

which  continues  for  many  months.     According  to  Rieder,  who 

perhaps  the  most  reliable,  there  are  at  birth  from  14,200  to  37,400 

10 
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per  cubic  millimetre,  on  the  secoDd  to  fourth  day  from  8,700  to  12,400^ 
and  after  the  fourth  day  from  12,400  to  14,800. 

Varieties, — The  colorless  corpuscles  present  greater  diversities  d 
form  than  the  red  ones.  They  are  usually  classified  according  to  then 
reaction  to  staining  agents,  or  to  the  presence  or  absence  of  granolesii 
their  cytoplasm.  Kanthack  and  Hardy  offer  the  followiug  classificatioi 
based  upon  both  phenomena: 

A    Oxyphil  (staining  with  acid  dyes),  j  \  SS^lf^ul^. 
B,  Basophil  (staining  with  basic  dyes).—! .  Finely  granular. 

<^nya»- U;K 

The  finely  granular  oxyphil  constitutes  75  per  cent  of  all  lencoc^tai 
It  has  an  average  diameter  of  lO/i,  and  fosaeeaes  phagoofiie  action  to 
marked  degree — that  is,  it  possesses  tlie  power  of  ingesting  foreign  pi 
A  B  tides.     Its  nucleus  consists  of  seven 

O^^  >-^  lobes  united  by  threads  of  chromatid 

^^1^       Z^'^A^v  ^)  "^'^^^  ^^'^   ^^^   formerly  known  a 

^F%      \^  ^V^^T^iN    *^®  ^^^"^  neutrophil^  because  of  its 
^^  \J      )  V^^^^  reaction  to  neutral  dyes. 

,«.    *     mu         1     ^  .,    ^  The  coarsely  granular  form  or 

Fisr.    127. -A.    Three   colored    )»lood-cor-  ^    ^ 

puacjes.    B.  Three  colorless  hiood-cor-  uniophd  Constitutes   oulv   2    per 

puBcles  acted    on    by   acetic   R<.»id:    the  ^  j  r 

nuclei  are  very  clearly  yisible.     x  900.       of   til 6   IcuCOCytCS.       It  haS  a   dis 

of  12fi  and  a  reniform  nucleus. 

The  basophil  cell  is  rarely  found  in  normal  blood.     It  may  occur  i 
casionally  during  periods  of  digestion.     It  is  a  small,   spherical 
with  an  irregular  nucleus  and  a  diameter  of  7/i. 

Tho  small  hyaline  leucocyte  is  also  called  a  lymphocyte^  because  of  I 
largo  numbers  found  in  adenoid  tissue,  and  is  supposed  to  be  an  imn 
turo  form.     Tho  nucleus  is  proportionately  large,  and  is  surrounded! 
but  littlo  protoplasm  in  wliicli  no  granules  can  be  detected.     The  cell  1 
about  tho  size  of  a  red  blood  cell,  and  constitutes  from  10  to  20  per  ( 
of  all  leucocytes. 

The  large  hyaline  or  myelocyte  varies  in  diameter  from  8.5  tolO/i. 
nucleus  is  spherical  or  reniform,  and  is  surrounded  by  more  protoplatfi 
than  in  tho  case  of  tho  lymphocyte.  It  forms  about  10  per  cent  of  tb^ 
leucocytes. 

Amoeboid  Movement. — The  remarkable  property  of  the  colorleM 
corpuscles  of  spontaneously  changing  their  shape  was  first  demonstrataj 
by  Wharton  Jones  in  tho  blood  of  tlio  skate.  If  a  drop  of  blood  beai 
amined  with  a  high  power  of  tho  microscope,  under  conditions  by^vhid 
loss  of  moisture  is  prevented,  and  at  the  same  time  the  temperature  l| 
maintained  at  about  that  of  tho  body,  37^  G.  (98.5°  F.),  the  colorlfl^ 
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puflclee  will  be  observed  slowly  to  alter  their  ahapos,  ant!  to  send  out 
leases  at  various  purta  of  their  oircia inference.  The  aiiia?boid  move- 
t  which  can  be  (lenionstrated  hi  horaan  colorless  blood -corpuscles, 
be  moflt  coDveniently  studied  in  tb©  newt's  blood.     The  processes 

I^^Hunuui  colorfcflg  btood-carpuacles^  showlnif  iu  mjoceastva  chanffeB  of  outline  withli 
ten  minutes  when  kc^pt  moui  on  a  wurui  BtAge,    CSchutleJd.) 

ich  are  senk  ont  from  the  corpuscle  are  either  lengtbened  or  with- 
mn.      If  lengthened,  the  protoplasm  of  the  whole  corpuscle  flows  as 

ere  into  its  prooesa,  and  the  corpuscle  changes  its  position;  if  with- 
iwij,  protrusion  of  another  process  at  a  different  point  of  the  circum- 

nee  speedily  follows.  The  change  of  position  of  the  corpuscle  can 
take  jjlaco  by  a  flowing  movement  of  the  whole  mass,  and  in  this 

»ihe  locomotion  is  comparatively  rajud.     The  activity  both  in  the 

oemes  of  cljange  of  shape  and  also  of  cliauge  in  position  is  much 
ire  marked  in  some  corpuscles  tban  in  others.     Kloin  states  that  in 

nawt^s  blood  the  changes  are  especially  noticeable  iu  a  variety  of  the 
tniem  corpuscle,  which  consists  of  a  mass  of  fmely  granular  proto- 
with  jagged  outline,  and  contains  three  or  four  nuclei,  or  in  large 
regular  masses  of  protoplasm  containing  from  five  to  twenty  nucki. 

Action   of   rcag'ents    upon    the    colorless   coTpuscles.— Feeding    the   eorpus- 
. — If  some  fine  pigment  granules,  e.g.,  jjowilered   vermilion,  be  added  to  a 
4  eootaiiiing   colorless  blood -corpuscles,    on    a    glass    slide,  these   will   l>e 
under   the   micrc3fcsco|»e,    to    U^ke    n\*   the    pi  lament.     In   &orae   cases 
corpuscles  have  been  neeu  witli  fragrrumts  of  colored  ooea  thus  era- 
in   their  substance.     They  have  aLso  W^eu  set-n,  in  diseased  states,    to 
micro-organisms,  e,gr..  bacilli,  and  according  to  some  pathologistti  are 
d  destroying  them  (phagocy kiwis).     They  may  too  t«ke  up  other  for- 
matter or  even  other  colorless  corpuscles.     This  property  of  the  colorless 
IB  oepeciaily  interesting  as  helping  still  further  to  connect  them  with 
rmt  forms  of  animal  life»  and  to  connect  both  with  the  organized  cells  of 
the  higher  animals  are  cooi{>osecL 

The   property   which    the   colorless  corpuscles   possess   of  passing 

gh  the  walls  of  the  blood-vessels  will  be  described  later  on* 
The  Blood-Plates*^ — A  third  variety  of  corpuscle  is  found  in  the 
d,  And  is  known  as  tbe  blood-phh.  It  is  circular  or  elliptical  in 
of  nearlv  homogeneous  structure,  and  varies  in  size  from  .5-5.5/1, 
eeit  is  smaller  than  tbe  red  celL  Though  found  in  the  circulating 
i,  (her/  are  not  independent  cells.  It  is  altogether  probable  that  they 
ierived  chiefly  from  the  red  cells^  being  extruded  therefrom  in  the 
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form  of  masses  or  chains  of  globular  material.  Chemically  thej  ooDta 
a  Ducleo-proteid,  and  it  is  supposed  that  they  take  part  in  the  pbena 
enon  of  coagulation. 


Healthy  bacillus  . 
Healthy  bacillus  . 


Healthy  bttcflhis 
FwtiaUy  digested  bMiaua 


Partially  digested  leucocyte ...._.. 
Nuclei  vacuolated....  Ail 


Nudeas 
^   Bacillus  In  ISQOocyte 

Partially  digested  leiKucTte 

Foreign  matter 


Foreign  matter  BSStt Particles  of  for^gn  tnmtter 

^^pSw. Particles  of  foreign  matter 

Leucocyt«»  j  *^^^P —  Particles  of  foreign  malt^- 

Fig.  189.— Macrophages  containing  bacilli  and  other  structures  supposed  to  be  undergoing 

CHuffer.) 


Enumeration  of  the  blood-corpuscles. — Several  methods  are  employed  fat,    ^^ 
counting  the  blood -corpuscles,  most  of  them  depending  upon  the  same  prind»i 
pie,  i.e.,  the  dilution  of  a  minute  volume  of  blood  with  a  given  volume  of  i  ^^^ 
colorless  solution  similar  in  8|)ecific  gravity  to  blood  plasma,  so  that  the  &iJ6  a 

and  shape  of  the  corpuscles  is  altered  as  little  as  possible.  A  minut**  tjiiaiiti^  j  ^M 
of  the  well-mixed  solution  is  then  taken,  examined  under  the  microscope 
either  in  a  flattened  capillary  tul)e  (Malassez)  or  in  a  cell  (Hayem  &  Naehft  ^ 
Gowers)  of  known  cajmcity,  and  the  number  of  cxjrpuscles  in  a  measured  l^iagth 
of  the  tube,  or  in  a  given  area  of  the  cell  is  counted.  Tlie  length  of  tlie  tuhl 
and  the  area  of  the  coll  are  ascertained  by  means  of  a  micrometer  sc^le  in  til* 
microscope  ocular;  or  in  the  case  of  Gowers*  modification,  by  the  divisiniifiC£_^^ 
the  cell  area  into  s(iuaros  of  known  size.  Having  ascertained  the  uvimber  < 
corpuscles  in  the  diluted  blood,  it  is  easy  to  find  out  the  number  in  a  gi^ 
volume  of  normal  blood.  Gowers'  modification  of  Hayem  &  NacL*4s  instr'"*'' 
ment,  called  by  him  Hceinacytameter,  consists  of  a  small  pipette  (a),  whic 
when  filled  up  to  a  mark  on  its  stem,  holds  995  cubic  millimeb'es.  It  is  fii-^ 
nished  with  an  india-rubber  tube  and  glass  mouth-piece  to  facilitate  filling  bS^* 
emptying ;  a  capillary  tube  (b)  marked  to  hold  5  cubic  millimetres,  and  i 
furnished  with  an  india-rubber  tube  and  mouth-piece;  a  small  glass  jar  (d) 
which  the  dilution  of  tlie  blood  is  performed ;  a  glass  stirrer  (E)  for  nu^i* 
the  blood  thoroughly,  (f)  a  needle,  the  length  of  which  can  be  regulated 
screw ;   a  brass   stage   plate  (u)   carrying  a  glass  slide,  on  which  is  a  cell  i 
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luilJiinetre  deop.  and  the  bottom  of  whiih  is  divided  intc*  one- tenth 
aetr^  BTjiiares.     On  *Iie  top  of  tho  veil  Ti^ia  the  covpr-glasH,  which  irt  kept 

place  bjr  the  pressure  of  two  hprioga  procc^ediiig  from  the  sta^e  plate  A 
und  saline  solution  of  so* 1 1  mo  sttliihate,  or  similiir  salt,  of  specilir.-  (p-avity 
is  made,  and  095  cubic  millimetreH  are  measured  by  means  of  the  pipette 
be  gl&ssi  jar,  and  with  this  five  cubic  millimetres  of  bhHxl,  ohtaint-d  by 
mg  the  fmger  with  a  needle,  and  meajiured  in  the  capillary  pipette  (b) 
orou);hly  mixed  by  the  glaiis  stirring -rod.  A  drop  of  thi^<  dilutt'd  blocxl 
a  placed  in  the  cell  and  covered  with  a  cover- glass,  which  is  fixed  in 
m  by  means  of  the  two  lateral  Bprings,     The  layer  of  dihited  blood  be- 

^le  slide  and  cover-glass  is  I  inch  thick.  .  The  preparatittn  is  then 
oed  under  a  niicr«j8co|w  with  a  iwjwerof  abmt  4W  diameters,  and  focusaed 
lie  lines  di^idin^r  tlu'  cell  into  E^ijuures  are  vintble. 


IIVP)i|^«i^UB«(ll 


Fig.  laO.— HBBmacytometer.    COower*.) 


Uler  a  short  delay,  the  red  corpuscles  which  have  Bunk  to  the  bottom  of 
oeU,  aiKi  are  resting  on  the  squares,  are  counted  in  ten  squares,  and  the 
liWuf  white  corpujscles  noted.  By  adding  together  the  nmnbers  counted 
Iw  (one-tenth  millimetre)  squares,  and,  as  the  blood  has  Ix^eii  dihited,  mul- 
lying  by  ten  thousand,  the  nymljer  of  corpow?leH  in  one  cubic  millimetre  of 
^  ia  obtained.  The  average  nurah*'r  of  corpnacles  per  each  cubic  millimetre 
betlthy  blood,  according  to  Vierordt  and  Welcker,  is  5,  fM)n,  OOf)  in  adult 
a,  tod  4.500«000  in  women. 

4 bBKnacytometer  of  another  form,  and  one  tlint  Ih  much  useil  at  the  present 
H  ii  known  as  the  Thoma-Zeiss  luemat  ytometer.  It  consists  of  a  carefully 
IAhM  pipette,  in  which  the  dilution  of  the  blood  is  done  ;  this  is  so  formed 
^  fte  capillary  stem  has  a  capacity  tn^ nailing  one  hundredth  of  the  ball 
p»it.  If  the  blood  is  drawn  up  in  the  capillary'  tube  to  the  line  marked  1 
%  182)  tlie  saline  solution  may  afti^rward  be  drawn  up  the  stem  to  the  line 
I;  fa  this  way  we  have  101  parts  of  which  the  blooii  forms  1.     As  the  con- 
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tenU  of  Uie  stem  can  be  displaced  unmixed  we  shall  have  in  the  mizto 
proper  dilution.  The  blood  and  the  saline  solution  are  well  mixed  by  A 
the  pipette,  in  the  ball  of  which  is  contained  a  small  glass  bead  for  tin 
pose  of  aiding  the  mixing.  The  other  part  of  the  instrument  conaial 
glass  slide  (fig.  131)  upon  which  is  mounted  a  covered  disc,  m,  aocuratelj 
so  as  to  present  one  square  millimetre  divided  into  400  squares  oi  one-twc 


Fig.  181.— Thoma-ZelM  Hemacytometer. 

of  a  millimetre  each.  The  micrometer  thus  made  is  surrounded  by  a 
annulr.r  cell,  c,  which  has  such  a  height  as  to  make  the  cell  project  c 
one-tenth  millimetre  beyond  m.  If  a  drop  of  the  diluted  blood  be  plaoec 
m,  and  c  be  covered  with  a  perfectly  fiat  cover-glass,  the  volume  of  tfaec 
blood  above  each  of  the  squares  of  the  micrometer,  «.e.,  above  each  ^ 
be  ^js  of  a  cubic  millimetre.  An  average  of  ten  or  more 
squares  are  then  taken,  and  this  number  multiplied  by  4000X 100 
gives  the  number  of  corpuscles  in  a  cubic  millimetre  of  un- 
diluted blood. 


Chemical  Composition  of  the  Blood. 

Before  considering  the  chemical  composition  of  the 
blood  as  a  whole,  it  will  be  convenient  to  take  in  order 
the  composition  of  the  various  chief  factors  which  have 
been  set  out  in  the  table  on  p.  132,  into  which  the  blood 
may  be  separated,  viz.: — (1.)  TV/a  Plasma;  (2.)  The 
Serum;  (3.)   The  Corpuscles;  (4.)   17ie  Fibrin, 

(1.)  The  Plasma. — The  Plasma,  or  liquid  part  of 
the  blood,  in  which  the  corpuscles  float,  may  be  ob- 
tained free  from  colored  corpuscles  in  either  of  the  ways 
mentioned  below. 

In  it  are  the  fibrin  factors,  inasmuch  as  when  ex- 
posed to  the  ordinary  temperature  of  the  air  it  under- 
goes coagulation  and  splits  up  into  fibrin  and  serum. 
It  differs  from  the  serum  in  containing  fibrinogen,  but  ▼ 

in  appearance  and  in  reaction  it  closely  resembles  that      zeUs  Him 
fluid  ;  itsalkalinity,  however,  is  greater  than  that  of  the      ™«^^""- 
serum  obtained  from  it.    It  may  be  freed  from  white  corpuscles  by 
tion  at  a  temperature  below  5°  C.  (41°  F.)  or  by  the  centrifugal  mac 

The  chief  methods  of  obtaining  plasma  free  from  corpuscles  may  b€ 
epitomized :  (1)  by  cold,  the  temperature  should  be  about  0'  C.  and  m 
two  or  three  degrees  higher,  but  not  lower.  (2)  The  addition  of  neutral 
in  certain  proportions,  either  solid  or  in  solution,  e.g.  of  sodium  sulplu 
solid  1  part  to  12  parts  of  blood ;  if  a  saturated  solution  1  part  to  6  p« 
blood ;  of  magnesimn  sulphate,  of  a  28^,  or  if  saturated  solution  1  part  t 


Pljui  and  nectJoti  of  rent rifm pal  ma("lviht>,  a,  Ati  irnti  »cK-kvt  s*H-tirtH]  u>  to|>  of  tabte  b; 
carryintr  tli©  tunitabli-  n,  and  tiirnlr^cr  fret- ly  in  a  ;  e,  a  Ila^^pe  round  turntable  di 
Fes  nn  flkce  of  d,  in  which  the  lest  tulH'a  ani  (Ixed  by  claiiift.  u  ft;  ii.  a  {lulli^y  fixed 
C  wi-i  turned  by  the  cord  k;  1 1  are  two  giuide-puUeyii  for  cord  K.    (Qam^ee.) 


rapid    rotatioD  of  which  (fig.  ISIl)  the  vvliolf  of  the  remaining  soliil   iiai-ti- 
,  if  any,  is  driven  to  the  outer  end  of  the  teat-tubea  m  which  the  plasma  is 


Composition  of  Plasma* 


^  Water 

Protei<is : 

1.  Yield  of  fibrin 

2.  Other  proteida    , 
Extractives  including  fat  . 
Inozgasic  salt^ 


4.05 

79.84 

5,60 

86 


902,9 


mA 


1000 
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hwrganie  SubttancM. — In  1,000  parts  of  plasma  there  are  -^ 

Chlorine  8.596 

Sulphuric  acid .139 

Phosphoric  acid 145 

Potassium  .      •  .  .814 

Sodium 8.410 

Phosphate  of  lime .208 

Phosphate  of  magnesia 218 

Oxygen .455 


8.505 


(2.)  The  Serum. — The  serum  is  the  liquid  part  of  the  blood  or 
the  plasma  which  remains  after  the  separation  of  the  clot.  It  is  a  tra 
parent,  yellowish,  alkaline  fluid,  with  a  specific,  gravity  of  from  1025 
1032.  In  the  usual  mode  of  coagulation,  part  of  the  serum  remains 
the  clot,  and  the  rest,  squeezed  from  the  clot  by  its  contraction,  1 
around  it.  Since  the  contraction  of  the  clot  may  continue  for  thirty- 
or  more  hours,  the  quantity  of  serum  in  the  blood  cannot  be  e\ 
roughly  estimated  till  this  period  has  elapsed.  There  is  nearly  ^  mu 
by  weight,  of  serum  as  there  is  clot  in  coagulated  blood. 

Serum  may  be  obtained  from  blood  corpuscles  by  allowing  blood 
clot  in  large  test  tubes,  and  subjecting  the  test  tubes  to  the  action  o 
centrifugal  machine  (fig.  133)  for  some  time. 

In  tabular  form  the  composition  may  be  thus  summarized.  In  1( 
parts  of  serum  *  there  are : — 


V80 


20 


Water about  900 

Proteids : 

a.  Serum -albumin 

p.  Serum-globulin 

y.  Fibrin  ferment 

Salts. 

Fats — including  fatty  acids,  cholesterin,  lecithin ;    and 

some  soaps 

Grape  sugar  in  small  amount 

Extractives — creatin,  creatinin,  urea,  etc. 

Yellow  pigment,  which  is  independent  of  hadmoglobin. 

Gases — small  amounts  of  oxygen,  nitrogen,  and  carbonic 

acid 

1000 

a.  Water, — The  water  of  the  serum  varies  in  amount  according 
the  amount  of  food,  drink,  and  exercise,  and  with  many  other  circ! 
stances. 

b.  Proteids. — a.  Serum  albumin  is  the  chief  proteid  found  in  sen 
The  proportion  which  it  bears  to  serum-globulin,  the  other  proteid 
as  3  to  4.5  in  human  blood. 

Serum-albumin  has  been  shown  by  Halliburton  to  be  a  compoi 
body   which  may  be  called  serine,  made  up  of  three  proteids,  wh 

♦This  table  is  more  detailed  than  that  of  the  plasma  given  above, 
salts,  extractives,  etc. .  are  the  same  in  both  serum  and  plasma,  but  the  proti 
are  somewhat  different  in  nature  and  amount. 
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Jalo  at  diflferent  temperatures,  a  ut  73""  C,  /9  at  77"  C,  and  r  ^^  84*=* 
The  serine  is  coagulated  by  the  addition  of  strong  acids,  such  as 
''iitricand  hydrochloric;  by  long  contact  with  tibohol  it  is  precipitated, 
liiiDot  precipitated  on  addition  of  ether,  uiid  so  differs  from  the  other 
miin  albumin,  viz.,  et/g-iiihumm.  When  dried  at  40"  C.  {104°  F,) 
nnun-albumin  is  a  brittle,  yellowish  substance,  soluble  in  water,  pos- 
ming  a  Iffivorotary  power  of  —  56"^.  It  is  with  great  difficulty  freed 
[om  its  salts.  It  is  precipitated  by  solutions  of  metallic  salts,  ej/,,  of 
iifircuric  chloride,  copper  sulphate,  lead  acetate,  sodium  tungsiate,  etc. 
t  dried  at  a  tempemture  over  75^  C.  (167*^  F,),  the  chief  part  ol  the 
tiidue  is  insoluble  IQ  water,  haviug  been  changed  into  ettfTf/n J n led  pro* 
fid.  Serum-albumin  may  be  precipitiited  from  serum,  from  which  the 
fnim-globulin  lias  been  previously  sepantted  by  saturation  with  mag- 
pfiiiiXQ  sulphate,  by  further  saturation  with  sodium  sulphate,  sodium 
Ifcrate,  or  iodide  of  potassium, 

A  Sernm- globulin  can  be  obtained  as  a  white  precipitate  from  cold 
JKQm  by  adding  a  considerable  excess  of  water  over  ten  times  its  bulk, 
|id  passing  through  the  mixture  a  current  of  carbonic  acid  gas  or  by 
^  cautious  addition  of  dilute  acetic  acid*  It  can  also  be  obtained  by 
Itarating  serum  with  either  crystallized  magnesium  sulphate,  or  sodium 
bloride,  nitrate,  acetate,  or  carbonate.  When  obtained  in  the  latter 
♦ij,  precipitation  seems  to  be  much  more  complete  than  by  means  of 
h&  former  method.  Serum-globulin  coagulates  at  75°  C.  (le?"*  F.), 
there  seems  to  be  more  globulin  in  the  serum  than  in  the  corresponding 
tiasma^  and  supposing  Halliburton  is  correct  in  believing  the  fibrin  fer- 
Pfittt  to  belong  to  the  globulin  class,  its  presence  prising  from  the  dis- 
tegration  of  the  colorless  corpuscles  (cell»globulin)  would  account  for 

i  of  the  increase,  while  possibly  another  part  might  be  due,  as  sug- 

sted  by  Hammeraten,  to  the  fact  that  fibrinogen  splits  up  into  fibrin. 

Ting  a  globulin  residue  whicli  appears  in  the  serum. 

c.  The  salts  of  sod i tit n  predominate  in  serum  as  in  plasma,  and  of 
thewthe  chloride  generally  forms  by  far  the  largest  proportion. 
1  d.  Fah  are  quite  constantly  present  in  a  free  state  (i.e.^  aapalmitin, 
itearin^  and  olein)^  though  usually  in  very  small  quantities.  Guniprecht, 
however,  asserts  that  they  may  be  present  in  such  quantities  as  to  give 
the  blood  a  milky  hue.  Fatty  acids  have  been  found  by  some  observers 
jin  pathologicul  conditions,  but  on  the  other  hand  it  ia  claimed  that  this 
pt  merely  the  result  of  faulty  technique.     The  amount  of  fatty  matter 

*  s  according  to  the  time  after,  and  the  ingredients  of,  a  nieal. 

Grape  sugar  is  found  principally  in  the  blood  of  the  hepatic  vein, 
a  extent  of  about  two  parts  in  a  thousand. 

f.  1l\i&  ea:traciivcs  vary  from  time  to  time;  sometimes  hippurio  acid 
JifouDd  in  addition  to  urea,  uric  acid,  creatin  and  creatiniu,  xanthin, 
kypoxanthin,  and  cholesterin.  Urea  exists  in  proportion  from  ,02  to 
04  per  cent^ 
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g.  The  yellow  pigmmt  of  the  senim  and  the  odorous  matter  vU 
gives  the  blood  of  each  particular  animal  a  peculiar  smell,  have  not  j 
been  exactly  differentiated.  The  former  is  probably  of  the  natare  of 
lipochrome,  and  might  be  called  semm  lutein.  It  is  soluble  in  alool 
and  ether^  and  has  two  hazy  absorption  bands  toward  the  violet  end 
the  spectrum. 

(3.)  The  Corpuscles. — a.  Colored. — Analysis  of  a  thousand  pa 
of  moist  blood  corpuscles  shows  the  following  result: — 

Water 688 

Solids- 
Organic         803.88 

Mineral 8.1^—312=1000 

Of  the  solids  the  most  important  is  ffcsmofflolnn,  the  substance 
which  the  blood  owes  its  color.  It  constitutes^  as  will  be  seen  from  1 
appended  Table^  more  than  90  per  cent  of  the  organic  matter  of  i 
corpuscles.  Besides  hsBmoglobin  there  are  proteid  and  fatty  matte 
the  former  chiefly  consisting  of  globulins,  and  the  latter  of  choleste\ 
and  lecithin. 

In  1000  parts  organic  matter  are  found : — 

Hsemoelobin 905.4 

Proteidfl 86.7 

Fats 7.9=1000 

Of  the  inorganic  salts  of  the  corpuscles,  with  the  iron  omitted — 

In  1000  parts  corpuscles  (Schmidt)  are  found : — 

Potassium  Chloride 8.679 

Potassium  Phosphate 2.848 

PotaBsium  sulphate         .......       .132 

Sodium .633 

Calcium  . 094 

Magnesium .060 

Soda 341=7.282 

The  properties  of  haemoglobin  will  be  considered  in  relation  to  1 
Oases  of  the  blood. 

b.  Colorless. — In  consequence  of  the  difficulty  of  obtaining  col 
less  corpuscles  in  sufficient  number  to  make  an  analysis,  little  is  ; 
curately  known  of  their  chemical  composition;  in  all  probabili 
however,  the  protoplasm  of  the  corpuscles  is  made  up  of  proteid  m 
ter,  and  the  nucleus  of  nuclein,  a  nitrogenous  phosphorus-containi 
body  akin  to  mucin,  capable  of  resisting  the  action  of  the  gastric  jui 
The  proteid  matter  is  made  up  probably  of  one  or  more  nucleo-albumi 
and  of  one  or  more  globulins  with  a  small  amount  of  serum  album 
There  are  also  present  lecithin^  a  fatty  body  containing  phosphor 
fatty  granules  staining  black  with  osmic  acid,  cholesteriny  a  monatoi 
alcohol,  glycogen^  and  salts  of  sodium,  potassium,  calcium,  and  mag 
slum,  of  which  the  phosphate  of  potassium  is  in  greatest  amount. 

(4.)  Fibrin. — The  part  played  by  fibrin  in  the  formation  of  a  c 
and  its  tests  have  been  already  described,  and  it  is  only  necessary 
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milder  here  its  general  properties.     It  is  a  stringy  elastic  substance 

fcelonging  to  the  proteid  class  of  bodies.     Blood  contains  only  .2  per 

ant  of  fibrin.     It  can  be  converted  by  the  gastric  or  pancreatic  juice 

into  peptone.     It  possesses  the  power  of  liberating  the  oxygen  from 

•olntions  of  hydric  peroxide  HaOj  or  ozonic  ether.     This  may  be  shown 

by  dipping  a  few  shreds  of  fibrin  in  tincture  of  guaiaciini,  and  then 

[mmersing  them  in  a  eolation  of  hydric  peroxide.     The  fibrin  heconnes 

o(  A  bluish  color,  from  its  having  liberated  from  the  solution  oxygen, 

which  oxidizes  the  resin  of  guaiacuni  contained  in  the  tincture,  and 

thtti  produces  the  coloration. 


The  Gases  of  the  Blood. 

The  gases  contained  in  the  blood  are  carljonic  acid,  oxygen,  and  ni- 
trogeD,  100  yolnmes  of  blood  contjiining  from  bO  to  (0)  volumes  of  these 
fues  collectively. 

Arterial  blood  contains  relatively  more  oxygen  and  less  carbonic  acid 
tbaii  Tenons.  But  the  absolute  f|uantity  of  carbonic  acid  is  in  both 
kinds  of  blood  greater  than  that  of  the  oxygen. 


Anerial  Blood 

Venous        " 

I  from  mu^les  at  r^t) 


20  vol    ]w"r  eeut. 
8  U)  13    " 


Carbonic  Acid. 
30  vol  per  cent. 

40    " 


Nitrogen. 
I  to  2  vols. 

1  lo  2  vols. 


n»#  Extraction  of  the  Gases  from  the  BloocL— As  the  ortliDary  air  piimr>«  are 

uotBufficieotly  powerful  for  the  purpose,  the  e.xtmction  of  the  gaae^  from  tlie 

bkpod  is  accomplished  by  means  of  a  mercurial  air- pump,  of  whi^h  there  are 

Bany  varieties,  those  of  Ludwig,  Alvergnidt,  fTeissler.  and  Sprt'Ugel  being  the 

ttief.    The  principle  of  action    in   all    is   much   the  iM*me.     Ludwig 's  pump, 

^iiich  may  be  taken  as  a  ty|>e,  is  represented    iu  tig,   134,     It  ronaists  of  two 

fittd  glass  globes.  C  and  F,  the  upixT  onv  conimimicatiiig  liy  means  of  the 

•Op-«ock  Z>,  and  a  stout   india-nibl>er  tube  with  another  glikss  glolx\  L,  which 

0&  be  raised  or  lowered  by  means  of  a  pulley  ;  it  also  coamiunicatea  by  means 

d  ft  stop- cock,  B,  and  a  bent  glass  tube,  ^l.  with  a  gas  receiver  (not  repre- 

■atediu  the  figure),  ^4,  dipping  into  a  Ixiwl  of  meix»ury,  «o  that  the  gas  may 

^  iweired  over  mercury.      The  lower  globe,    F,    communii'att  s   with   C  by 

neiQsof  the  stop- cock »  E,  with  /  in  which  the  bloiKl  ii>  containetl  by  the  stop- 

"^K  0,  and  with  a  movable  glass  glol>e,  3!,  similar  to  L,  by  means  of  the 

•^Bpcock.  H,  and  the  stout  india-rubber  tube.  A'. 

Iji  order  to  work  the  pump.  L  ami  IT  are  tilled  with  mercurv,  the  bhiod  from 
^di  tiie  gaaes  are  to  be  extracted  is  placed  in  the  bulb  /,  the  8t0(»cocks,  //, 
^  f).  ftDd  B,  being  open,  and  G  closed,  M  ib  raised  by  means  of  the  pulley 
J^i\  F  iit  full  of  mercur)%  and  the  air  is  driven  out.     E  ia  then  closed,  and 

laiaed  so  that  C  becomes  full  of  mercury,  and  the  air  driven  off.     B  is 

dosed.     On  lowering  L  the   mercury  runs  into   it  from  €\  and  a  vacuum 
lished   in  C     On  ojn^ning  E  and   lowering  Jl/,  a  vacuum  i»  Bimilarly 

hahed  in  F;  if  Gf  be  now  opened,  the  blood  in  /"  will  enter  ebullition,  aad 
will  pass  off  into  F  and  C.  and  on  raising  M  and  then  L,  the  stopcock 

i^optfoed,  the  gas  is  driven  through  A,  and  is  received  into  the  receiver 


\  eitatilii 
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orer  mercury.     By  repeating  the  experiment  several  times  the  who 
gaaea  of  the  specimen  of  blood  is  obtained,  and  may  be  estimated. 

A.  The  Oxygen  of  the  Blood. — It  has  been  found  thai 
small  proportion  of  the  oxygen  which  can  be  obtained,  by  the  ai 
mercarial  pump  from  the  blood,  exists  in  a 
state  of  simple  solution  in  the  plasma.  If 
the  gas  were  in  simple  solution,  the  amount 
of  oxygen  in  any  given  quantity  of  blood, 
exposed  to  any  given  atmosphere,  ought  to 
vary  with  the  amount  of  oxygen  contained  in 
the  atmosphere.  Since,  speaking  generally, 
the  amount  of  any  gus  absorbed  by  a  liquid 
such  as  plasma  would  depend  upon  the  pro- 
portion of  the  gas  in  the  atmosphere  to 
which  the  liquid  is  exposed — if  the  propor- 
tion is  great,  the  absorption  will  be  great;  if 
small,  the  absorption  will  be  similarly  small. 
The  absorption  continues  until  the  propor- 
tions of  the  gas  in  the  liquid  and  in  the  at- 
mosphere are  equal.  Other  things  will,  of 
course,  influence  the  absorption,  such  as  the 
nature  of  the  gas  employed,  the  nature  of 
the  liquid  and  the  temperature,  but  ceteris 
paribus,  the  amount  of  a  gas  which  a  liquid 
absorbs  depends  upon  the  proportion  —  the 
so-called  partial  pressure — of  the  gas  in 
the  atmosphere  to  which  the  liquid  is  sub- 
jected. And  conversely,  if  a  liquid  contain- 
ing a  gas  in  solution  bo  exposed  to  an  atmo- 
sphere containing  none  of  the  gas,  the  gas 
will  be  given  up  to  the  atmosphere  until  the 
amount  in  the  liquid  and  in  the  atmosphere  becomes  equal.  1 
dition  is  called  a  condition  of  equal  tensions. 

The  condition  may  be  understood  by  a  simple  illustration.  A  larg 
of  carbonic  acid  gas  is  dissolved  in  a  bottle  of  water  by  exposing  the 
extreme  pressure  of  the  gas.  and  a  cork  is  placed  in  the  bottle  and  wir 
The  gas  exists  in  the  water  in  a  condition  of  tension,  and  therefore 
a  tendency  to  escape  into  the  atmosphere,  in  order  to  relieve  the  tens 
produces  the  violent  expulsion  of  the  cork  when  the  wire  is  remove 
the  aerated  water  is  placed  in  a  glass  the  gas  will  continue  to  be  evol 
it  has  almost  entirely  passed  into  the  atmosphere,  and  the  tension  o 
in  the  water  approximates  to  that  of  the  atmosphere,  in  which,  it  g 
remembered,  the  carbon  dioxide  is,  naturally,  in  very  small  amo 
.04  per  cent. 


Fig.  184.-Ludwig'8  3 
Pump. 
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The  oxygen  of  the  blood  does  not  obey  thia  law  of  presanre.  For  if 
I  which  contains  little  or  no  oxygen  be  exposed  to  a  succession  of 
heres  containing  more  and  more  of  that  gas,  we  find  that  the 
ibK^rpLion  is  at  first  very  great,  but  soon  becomes  relatively  very  small, 
not  being  therefore  regularly  in  proportion  to  the  increased  amount  (or 
tension)  of  the  oxygen  of  the  atmospheres,  and  that  conversely,  if  arte- 
rial blood  be  submitted  to  regularly  diminishing  pressures  of  oxygen,  at 
irst  very  little  of  the  contained  oxygen  is  given  off  to  the  atmosphere, 
I  Afiu  mddeniy  the  gaa  escapes  with  great  rapidity,  and  again  disobeys 
I  tke  law  of  pressures. 

Very  little  oxygen  can  be  obtained  from  plasma  freed  from  blood 
corpuscles,  even  by  the  strongest  mercurial  air-pump,  neither  can  it  be 
de  to  absorb  a  large  r^uantity  of  that  gasj  but  the  small  quantity 
is  BO  given  up  or  so  absorbed  follows  the  laws  of  absorption  ac- 
'^rding  to  pressure. 

It  must  be,  therefore,  evident  that  the  chief  part  of  the  oxygen  is 
I  OG&t&ined  in  the  corpuscles,  and  not  in  a  state  of  simple  solution.  The 
chief  solid  constituent  of  the  colored  corpuscles  is  liwrnogloinHf  which 
eouititutes  more  than  90  per  cent  of  their  bulk.  This  body  has  a  very 
remarkable  affinity  for  oxygen,  absorbing  it  to  a  very  definite  extent 
under  favorable  circumstances,  and  giving  it  up  when  subjected  to  the 
Jctiaa  of  reducing  agents,  or  to  a  sufficiently  low  oxygen  pressure.  From 
I  the«  facts  it  is  inferred  that  the  oxygen  of  the  blood  is  combined  wiih 
^ifrnglobin^  and  not  simply  dissolved;  but  inasmuch  as  it  is  compara- 
Wv  easy  to  amse  the  ha?moglobin  to  give  up  its  oxygen,  it  is  believed 
tbat  the  oxygen  is  but  loose! ff  combined  with  the  substance, 

Hxmo^lobin. — Haemoglobin  is  a  crystallizable  body  which  cousti- 
tatea  by  far  the  largest  portion  of  the  colored  corpuscles.  It  is  intimately 
dbtributed  throngboot  their  stroma,  and  must  be  dissolved  out  before 
it  will  undergo  crystallization.  Its  percentage  composition  is  C,  53*85; 
H.  7.32;  K.  16.17;  0.  21.84;  S.  .63;  Fe.  .42.  Jacquet  gives  the 
empirical  formula  for  the  haemoglobin  of  the  dog,  0,„H,,„,N,,^8,F6 
Oj^,.  The  most  interesting  of  the  properties  of  ha?moglo!}in  are 
it*  powers  of  crystallizing  and    its   attraction  for  oxygen    aud   other 


Oryaiah, — The  hemoglobin  of  the  blood  of  various  animals  possesses 
tbe  power  of  crystallizing  to  very  different  extents  (haemoglobin).  In 
wnie  animals  the  formation  of  crystals  is  almost  spontaneous,  whereas 
la  (iihn  it  takes  place  either  with  great  difficulty  or  not  at  all.  Among 
'  ^  mimals  whose  blood  coloring-matter  crystallizes  most  readily  are 
*le  fninea-pig,  rat.  s^juirrel,  and  dog;  and  in  these  eases  to  obtain 
*ystalt  it  is  generally  sufficient  to  dilute  a  drop  of  recently-drawn  blood 
'itli  water  and  to  expose  it  for  a  few  minutes  to  the  air.  Light  seema 
*la?or  the  formation  of  the  crystals.     In  many  instances  other  means 
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must  be  adopted,  f.^/.,th<?  addition  of  alcohol^  ether,  or  efaloroformpntpiij 
free&ing,  and  tlien  tlmwiiig,  no  electric  current,  a  temperature  of  GC  ClJ 
(140"*  F.),  the  addition  of  sodium  sulphate,  or  the  addition  of  deeomn 
posing  serum  of  another  animal. 

Tlie  haemoglobin  of  hunutn  blood  cryatallizea  with  difficulty,  as  doei^ 
also  timl  of  the  ox,  the  pig,  the  sheep,  and  the  nibbit. 

The  forms  of  ha^mogiobin  crystals, as  will  be  seen  from  the  appende 
figures,  differ  greatly. 

Hasmoglobin  crystals  are  soluble  in  water.     Both  the  crystals  th 
aelYea  and  also  their  solutions  have  the  characteristic  color  of 
blood. 

A  dilute  solution  of  oxy-hjemoglohin  gives  a  characteristic  app 
ance  with  the  spectroscope.     Two  absorption  bands  are  seen  betw« 


•^ 


Fijs*  135.     L  1}  !  xy-hirmoKlo1>Jo— 


Fig,  ]8t.^Oir3r-]UBiiui|ElobJn  crystals— totrft- 

htnlml,  from  blood  of  the  j^in«4i*pi^ 


the  solar  lines  d  *  (which  is  the  sodium  band  in  the  yellow)  and  E  *  (a 
plale),  one  in  tlie  yellow,  with  its  middle  line  some  little  way  to  the  rigl( 
of  D,  is  very  intense,  but  narrower  than  the  other,  which  lies  in  t| 
green  near  to  the  left  of  E.     Each  band  is  darkest  in  the  middle  i 
fades  away  at  the  sides.    As  the  strength  of  the  solution  increases  t% 
bands  become  broader  and  deeper,  and  both  tlie  red  and  the  blue  end 
of  the  spectrum  become  encroaclied  upon  until  the  bands  coalesce  1 
form  one  very  broad  band,  and  only  a  slight  amount  of  the  green 
mains  nnabsorbed,  and  part  of  the  red;    on  still  further   increase 
strength  the  former  disappears. 

If  the  crystals  of  oxy- hemoglobin  be  subjected  to  a  mercurial  i 
pump  they  give  off  a  definite  amount  of  oxygen  {1  gnimme  giving  ofl 
1,59  ccm,  of  oyxgen),  and  they  become  of  a  purple  color;  and  a  solutioa., 
of  oxy-hflBmoglobin  may  be  made  to  give  up  oxygen,  and  to  become  pu 
pie  in  a  similar  manner. 

*  These  letters  i*efer  to  **  Fruunhofer's  "lines. 
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Th«  change  may  be  also  effected  by  passing  through  the  sohition  of 
Noodorof  oxy-haBmoglobiii^  hydrogen  or  nitrogen  gas,  or  hj  the  action 
ndoeing  a^nU,  of  which  Stokes's  fluid  *  or  ammonium  sulphide  are 
mo0t  conT6iiient. 

With  the  spectroscopej  a  eolntion  of  deoxidized  or  reduced  hmmoglohin 

&iixid  to  give  un  entirely  different  appeamnce  from  that  of  oxidized 

mtoglobin.     Instead  of  the  two  bands  at  d  ainl  e  we  find  a  single 

roader  but  fainter  band  occupying  a  position  midway  between  the  two, 

Ed  at  the  same  time  less  of  the  blue  end  of  the  spectrum  is  absorbed. 
en  in  strong  solutions  this  latter  appearance  is  found,  thereby  difler- 
^from  the  strong  solution  of  oxidized  hemoglobin  which  lets  through 
j!j  the  red  and  onmge  rays;  accordingly  to  the  naked  eye  the  one 
Qced  haBmoglobin  solution)  appears  purple,  the  other  (oxy-haBmoglo- 


y-. 


ir^— HexafTOHftl  oxy-twemoidahln  crrstAU,  from  blood  of  «qiiirrpL    On  thffl©  hexagoiml  pUtet 
l^rifiuiAtlc  *!rystiiU  jfirnj f^ed  Ui  ei  stellnte  tiiantier  ntrt  uiifrequ**citJy  occur  (after  Fuuke), 


lolutJon)  red.  The  deoxidized  crystals  or  their  eolutions  quickly 
iwirh  oxygen  on  exposure  to  the  air,  becoming  scarlet.  If  solutions 
rtblood  be  taken  instead  of  solutions  of  haemoglobin,  resulte  similar  to 
be  whole  of  the  foregoing  can  be  obtained, 
VeDuus  blood  never,  except  in  the  last  stages  of  asphyxia^  fails  to 
the  oxy-haemoglobin  bands,  inasmuch  as  the  greater  part  of  the 
ioglobin  even  in  venous  blood  exists  in  the  more  highly  oxidized  con- 


Action  of  Gases  on  H^mo^lobin. — Carboniv  oxide  gas,  passed 
woagh  a  solution  of  haemoglobin^  causes  it  to  assume  a  cherry- red  color. 


'9  Fluid  consists  of  a  solution  of  ferrvitft  miiphate,  to  which  ammonia 
ileeo  added  and  sufficient  tartjiric  acid  to  prevent  precipitation.     Another 
ageQt  ia  a  solution  of  HtannouH  ehlorkie,  treated  in  a  way  similar  to 
sulphate,  and  a  tiiird  reagent  of  like  nature  is  an  aqueouB  solution 
ammonium  mdphide,  NH4  HS. 
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and  to  present  a  slightly  altered  spectmm;  two  bands  are  still  Ti 
but  are  slightly  nearer  the  blue  end  than  those  of  oxj-haBnoioglobi] 
plate).  The  amount  of  carbonic  oxide  taken  up  is  equal  to  the  an 
of  the  oxygen  displaced.  Although  the  carbonic  oxide  gas  readil; 
places  oxygen,  the  reverse  is  not  the  case,  and  upon  this  propert 
pends  the  dangerous  effect  of  coal-gas  poisoning.  Goal  gas  con 
much  carbonic  oxide,  and  when  breathed,  the  gas  combines  witi 
haBmoglobin  of  the  blood,  and  produces  a  compound  which  oannot  < 
be  reduced.  This  compound  (carb-oxy-haBmoglobin)  is  by  no  mea 
oxygen  carrier,  and  death  may  result  from  suffocation  due  to  the 
of  oxygen  notwithstanding  the  free  entry  of  pure  air  into  the  1 
Crystals  of  carbonic-oxide  haBmoglobin  closely  resemble  those  of 
haBmoglobin. 

Nitric  oxide  produces  a  similar  compound  to  the  carbonic- 
haBmoglobin,  which  is  even  less  easily  reduced. 

Nitrous  oxide  reduces  oxy-hsBmoglobin,  and  therefore  leaves  tl 
duced  haBmoglobin  in  a  condition  to  actively  take  up  oxygen. 

Sulphuretted  Hydrogen, — If  this  gas  be  passed  through  a  soluti 
oxy-haBmoglobin,  the  haBmoglobin  is  reduced  and  an  additional 
appears  in  the  red.     If  the  solution  be  then  shaken  with  air,  the 
bands  of  oxy-haemoglobin  replace  that  of  reduced  haBmoglobin,  bn 
band  in  the  red  persists. 

Methaemoglobin. — If  an  aqueous  solution  of  oxy-haBmoglob 
exposed  to  the  air  for  some  time,  its  spectrum  undergoes  a  change 
two  D  and  e  bunds  become  faint,  and  a  new  line  in  the  red  at  c  is  c 
oped.  The  solution,  too,  becomes  brown  and  acid  in  reaction,  and  i« 
cipitable  by  basic  lead  acetate.  This  change  is  due  to  the  decompoe 
of  oxy-haemoglobin,  and  to  the  production  of  methcBrrwglobin.  On 
ing  ammonium  sulphide,  reduced  hsemoglobin  is  produced,  and  on  i 
ing  this  up  with  air,  oxy-haemoglobin  is  reproduced.  Methasmog 
is  probably  a  stage  in  the  deoxidution  of  oxy -haBmoglobin.  It  ap] 
to  contain  less  oxygen  than  oxy-haBmoglobin,  but  more  than  red 
ha3moglobin.  Its  oxygen  is  in  more  stable  combination,  however, 
is  the  case  with  the  former  compound. 

Estimation  of  Haemoglobin. — The  most  exact  method  is  b; 
estimation  of  the  amount  of  iron  (dry  haBmoglobin  containing  .4S 
cent  of  iron)  in  a  given  specimen  of  blood,  but  as  this  is  a  some 
complicated  process,  various  methods  have  been  proposed  which,  th 
not  so  exact,  have  the  advantage  of  simplicity.  In  Gower's  hsBmogL 
ometer,  this  consists  in  comparing  the  color  of  a  given  small  am 
of  diluted  blood  with  glycerine  jelly  tinted  with  carmine  and  picrc 
mine  to  represent  a  standard  solution  of  blood  diluted  one  hui 
times.  The  amount  of  dilution  which  the  given  blood  requires 
thus  approximately  represent  the  quantity  of  haBmoglobin  it  con 
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at  of  the  seyeral  varieties  of  hsemoglobinometer  that  wliich  appears  to 
I  the  best  adapted  to  its  purpose  is  that  invented  by  Professor  Fleiselil, 
pf  Vienna.  In  this  instrument,  the  amount  of  hnemoglobin  in  ii  solution 
pf  Wood  is  estimated  by  comparing  a  stratum  of  diluted  blood  with  a 
Midard  solid  substance  of  uniform  tint  similar  Bpectroseopically  to  di- 
Buted  blood.  In  order  that  the  strength  of  color  in  the  standurd  sub- 
Dce  may  be  varied,  the  red  tinted  ghiss  is  made  wedge-shaped.  This, 
bidi  is  called  the  comparison  wedge,  is  cemented  on  to  a  colorless 
I  itrip  of  glass,  and  is  mounted  in  a  frame  (fig.  138,  P)  made  to 
rin  a  V-shaped  groove,  on  the  under  snrface  of  the  stjige  of  the  in- 
ument.     The  comparison  wedge,  A',  is  so  placed  that  one  of  its  longi- 


'mis:: 


Fte  laa— FictacbrB  Bii  i 

ta{  edges  bisects  the  circular  stage-opening,  so  that  one-hulf  of  the 

is  cut  off  by  the  red-tinted  wedge.     Into  the  stage-opening  fits 

i«nd]  circular  trough,  T/,  hating  a  glass  bottom,  and  divided  into  equal 

ttjmpartments  by  a  thin  hmiina.     One  compartment,  tr,  is  filk^d  in  tlie 

[teMiiier  to  be  presently  indieated  with  diluted  blood,  and  the  other,  (t\ 

ith  water;  the  trough  is  so  placed  that  the  lamina  is  in  one  jdane  with 

wlge  of  the  wedge,  the  water  compartment  being  above  the  wedge 

[ttid  the  blood  compartment  above  the  free  half  of  the  stnge  opening, 

[Ij  turning  the  screw  head,  T,  the  frame,  P,  with  the  wedge,  A",  may 

Amoved  backward  and  forward  until  a  position  is  found  where  the  in- 

t.*T>!h  of  the  tints  due  to  the  stratum  of  filood  on  the  one  hand  and  tlie 

J«jL'Kiieiis  of  the  wedge  on  the  other  appears  to  be  equal.     The  required 

f»e  of  dilation  is  obtained  by  the  use  of  small  capillary  tubes  of  a 

icity  varying  from  *i  to  8  fmm*     The  capillary  pipette  is  filled  with 

i  Mid  is  held  over  the  blood  compartment  and  its  contents  thor- 

f  I 


j^ 


t 
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oughly  washed  out  into  that  compartment^  and  the  blood  and  water  tt^ 
mixed  with  a  wire.  Water  is  then  added  nntil  the  blood  compartmoi^ 
is  quite  full.  The  other  compartment  is  filled  with  water.  light  ii 
then  reflected  by  the  mirror,  S,  so  as  to  illumimate  both  compartments 
By  moving  K  by  means  of  the  milled  head,  T,  a  position  of  KmxjW 
found  corresponding  to  the  exact  intensity  of  the  light  passing  thiou^ 
the  two  compartments;  this  is  read  off  at  Mon  the  scale  P,  the  diiii 
of  which  corresponds  to  standard  strengths  of  solutions  of  hsemogh 
Distribution  of  Haemoglobin. — Hadmoglobin  occurs  not  only  in 
red  blood-cells  of  all  vertebrata  (except  amphioxus  and  leptocep] 
whose  blood-cells  are  all  colorless,)  but  also  in  similar  cells  in 
Worms;  moreover,  it  is  found  diffused  in  the  vascular  fluid  of 
other  worms  and  certain  Crustacea;  it  also  occurs  in  all  the  striated  moft 
cles  of  Mammals  and  Birds.  It  is  generally  absent  from  unstristoj| 
muscle  except  that  of  the  rectum.  It  has  also  been  found  in  MoUanii 
in  certain  muscles  which  are  specially  active,  viz.,  those  which  work  tha 
rasp-like  tongue. 

Derivatives  of  Haemoglobin. 

Haematin. — By  the  action  of  heat,  or  of  acids  or  alkalies  in  tin 
presence  of  oxygen,  ha?moglobin  can  be  split  up  into  a  substance  callal 
llannatiii^  which  contains  all  the  iron  of  the  hsemoglobin  from  which  it 
was  derived,  and  a  proteid  residue.  Of  the  latter  it  is  impossible  to  ssf 
more  than  that  it  probably  consists  of  one  or  more  bodies  of  the  globa- 
lin  class.  If  there  be  no  oxygen  present,  instead  of  hsematin  a  body 
called  haemochromogen  is  produced,  which,  however,  will  speedfly 
undergo  oxidation  into  ha?matin. 

Hiematin  is  a  dark  brownish  or  black  non-crystallizable  substance  rf 
metallic  lustre.  Its  percentage  composition  is  C.  64.30;  H.  5.50;  N, 
9.0G;  Fe.  ii.^'l',  0.  12.:>2;  wliich  gives  the  formula  Csg,  H70,  Ne,  ?€» 
do  (Iloppe-Seyler).  It  is  insoluble  in  water,  alcohol,  and  ether;  solih 
ble  in  the  caustic  alkalies;  soluble  with  difficulty  in  hot  alcohol  towhicK 
is  added  sulphuric  acid.  The  iron  may  bo  removed  from  hsematin  1)(f 
heating  it  with  fuming  hydrochloric  acid  to  100°  C.  (320°  R),  and  i 
new  body,  haematoporphyrin,  the  so-called  iron-free  haematin,  is  pro- 
duced.  ILTmatoporphyrin  (Ces,  Uti,  Nr,  O12,  Iloppe-Seyler)  may  alsobe 
obtained  by  adding  blood  to  strong  sulphuric  acid,  and  if  necesaaij 
filtering  the  fluid  through  asbestos.  It  forms  a  fine  crimson  solutioBi; 
which  has  a  distinct  spectrum,  viz.,  a  dark  band  just  beyond  D,  and  » 
second  all  but  midway  i)  and  e.  It  may  be  precipitated  from  its  ad4 
solution  by  adding  water  or  by  neutralization,  and  when  redissolvaJ 
in  alkalies  presents  four  bands,  a  pale  band  between  c  and  D,  a  secoal 
between  i)  and  e,  nearer  D,  another  nearer  e,  and  a  fourth  occupyiag 
the  chief  part  of  the  space  between  b  and  F. 


THB  BLCJOD. 


ff(fmafin  in  arid  solution, — If  an  excess  of  acetic  acid  is  added  to 
[, and  the  solution  is  boiled,  the  color  tilters  to  brown  from  decom- 
Ition  of  haprnoglobin  and  the  setting  free  of  hEematin;  by  shaking 
iolution  with  ether,  a  solntion  of  hfematiii  in  acid  soliitioo  is  obtained, 
fipectmm  of  the  ethereal  solution  (colored  plate)  shows  no  less  than 
absorption  bands,  viz.,  one  in  the  red  between  c  and  d,  one  faint 
Harrow  close  to  n  and  then  two  broader  hands*  one  between  d  und 
id  another  nearly  midway  between  b  and  F,  The  first  hand  is  by 
kr  the  most  distinct,  and  the  acid  aqneoua  solution  of  haematin  shows 

Hmmatin  in  alkaUm  solntion.^li  a  caustic  alkali  is  added  to  blood 
Dd  the  solntion  is  boiled,  alkaline  ha?matin  is  produced,  and  the  solu- 
«)n  becomes  olive  green  in  color*  The  absorption  band  of  the  new 
ompound  is  in  the  red,  near  to  D,  and  the  blue  end  of  the  spectrum  is 
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Fig.  I'M).— Haemln  crystals.    (Frey.) 


)ft^rbed  to  B  considerable  extent.  If  a  reducing  agent  be  added,  two 
Rods  resembling  those  of  oxy-hsemoglobin,  but  nearer  to  the  blue^  ap- 
ear;  this  is  the  spectrnm  of  reduced  hwinaiiuj  or  hsmochromog^en. 
te  Tiolently  shaking  the  reduced  hiematin  with  air  or  oxygen  the  two 
indfi  are  replaced  by  the  single  hand  of  alkaline  hceniatin. 

Hsematoidin. — This  substance  is  found  in  the  form  of  yellowish 
rystala  (fig.  131^}  in  old  blood  extravasations  and  is  derived  from  the 
emoglobin.  Their  crystalline  form  and  the  reaction  they  give  with 
iTDing  nitric  acid  seem  to  show  them  to  be  closely  allied  to  Biiirnhifi, 
le  chief  coloring  matter  of  the  bile,  and  in  composition  they  are  prob- 
plr  either  identical  or  isomeric  with  it 

H^emin. — One  of  the  most  important  derivatives  of  hsBmatin  is 
►»min.  It  is  nsnally  called  Ifjfflror/ifornfe  of  Iftpmafin  (or  hydrochlor- 
i^j.  bat  its  exact  chemical  composition  is  uncertain.  Its  formula  is 
id  ta  be  C^H,^X^FeO,IICl,  and  it  contains  5.18  per  cent  of  chlorine, 
\t  by  dome  it  is  looked  upon  as  simply  crystallized  h^matin.  Al- 
DOgh  difticult  to  obtain  in  bulk,  a  specimen  may  bo  easily  made  for 
0  tnieroscope  in  the  following  way;— A  stnall  drop  of  dried  blood  is 
^ly  powdered  with  a  few  crystals  of  common  suit  on  a  glass  elide  and 
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apread  out;  a  cover  glass  is  then  placed  npon  it,  and  glacial  acetic  ackl 
added  by  means  of  a  capillary  pipette.  The  blood  at  once  tarns  of  m 
brownish  color.  The  slide  is  then  heated,  and  the  acid  mixture  eyapo- 
rated  to  dryness  at  a  high  temperature.  The  excess  of  salt  is  wasbei 
away  with  water  from  the  dried  residue,  and  the  specimen  may  then  te 
dried  and  mounted.  A  large  number  of  small,  dark,  reddish  black  crp- 
tals  of  a  rhombic  shape,  sometimes  arranged  in  bundles,  will  be  seen  if 
the  slide  be  subjected  to  microscopic  examination  (fig.  140). 

The  formation  of  these  haemin  crystals  is  of  great  interest  and  im- 
portance from  a  medico-legal  point  of  view,  as  it  constitutes  the  moit 
certain  and  delicate  test  we  have  for  the  presence  of  blood  (not  of  ne- 
cessity the  blood  of  man)  in  a  stain  on  clothes,  etc.  It  exceeds  in  deli- 
cacy even  the  spectroscopic  test.  Compounds  similar  in  composition  til 
haemin,  but  containing  hydrobromic  or  hydriodic  acid,  instead  of  hydro- 
chloric, may  be  also  readily  obtained. 

B.  The  Carbon  Dioxide  Gas  in  the  Blood.— Of  this  gas  in  the 
blood  part  exists  in  a  state  of  simple  solution  in  the  plasma,  and  isgiren 
up  in  vacuo  (35.2  per  cent),  and  the  rest  in  a  state  of  weak  chemicd 
•combination.      Of  the  latter,   part  is  in  loose  combination  with  the 

haemoglobin  and  part  is  more  firmly  uniteil  with  the  alkalies,  poesibi? 
with  the  carbonates  in  tlie  form  of  bicarbonate.  The  amount  which  can 
be  absorbed  depends  on  the  alkalescence  of  the  blood. 

C.  The  Nitrogen  in  the  Blood.— The  whole  of  the  small  quantity 
of  the  nitrogen  contained  in  the  blood  is  simply  dissolved  in  the  fluid 
plasma. 

Chemical  Composition  of  the  Blood  in  Bulk.— Analyses  of  the 
blood  as  a  whole  differ  slightly,  but  the  following  table  may  be  taken  to 
represent  the  average  composition : 

Wat^r 784 

Solids- 
Corpuscles        130 

Proteids  (of  serum) 70 

Fibrin  (of  clot) 2.2 

Fatty  matters  (of  serum)    .         .         .         .  1.4 

Inorganic  salts  (of  serum)      ....         6 


Gases,  kreatin.  urea    and    other    extractive 
matter,  glucose  and  accidental  substances      f    "*** 

216 

1000 

Variations  in  the  Composition  of  healthy  Blood. 


The  conditions  which  appear  most  to  influence  the  composition  oi 
the  blood  in  health  are  these:  Sex,  Pregnancy,  Age,  and  Temperament 
The  composition  of  the  blood  is  also,  of  course,  much  influenced  by  diet 

1.  Sex, — The  blood  of  men  differs  from  that  of  women,  chiefly  iJ 


THE   BLOOD. 
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of  somewhat  higher  specific  gravity,  from  its  coDtaiiiiDg  a  rela- 
ly  larger  quantity  of  red  corpuscles. 

t  Pre ffnanei/, —The  blood  of  pregnant  women  k  rather  lower  than 
average  specific  griivity.     The  quantity  of  the  colorleas  corpuscles  is 
lased  in  the  latter  months,  especially  inprimiparae;  it  is  also  claimed 
lit  the  fibrin  is  increased  in  amount, 

3,  A(/t\ — The  blood  of  the  fietus  is  very  rich  in  solid  matter,  and 
i^cially  in  colored  corpuscles;  and  this  condition,  gradually  diminit^h- 
ing»  continues  for  some  weeks  after  birth.  The  riuantifey  of  solid  luatier 
then  falls  during  childhood  below  the  average,  rises  during  adult  life, 
ID4]  in  old  age  falls  again. 

4.  Tertipernment, — There  appears  to  bo  a  relatively  lurge  (|uantity  of 
folid  matter  in  those  of  a  plethoric  or  sanguineous  temperament. 

5*  Diet. — Such  differences  in  the  composition  of  the  blood  as  are  due 
to  the  temporary  presence  of  various  matters  absorbed  with  the  food  and 
iriok,  as  well  as  the  more  lasting  changes  which  must  result  from  gen- 
iBPDUB  or  poor  diet  respect ively^  need  be  here  only  referred  to» 

6.  Effei't»  of  Bleed iuf^.— The  result  of  bleeding  is  to  diminish  the 
pecific  grayity  of  the  blood;  and  so  quickly,  that  in  a  single  venesection, 
be  portion  of  blood  last  drawn  has  often  a  less  specific  gravity  than  that 
ft  the  blood  that  flowed  first.  This  is,  of  course,  due  to  absorption  of 
laid  from  the  tissues  of  the  body.  The  physiological  import  of  this 
i,  namely,  the  instant  absorption  of  liquid  from  the  tissnes,  is  the 

le  aa  that  of  the  intense  thirst  which  is  so  common  after  either  loss 
blood,  or  the  abstraction  from  it  of  watery*  fluid,  as  in  cholera,  dia- 
and  the  like. 

For  some  little  time  alter  bleeding  the  want  of  colored  corpuscles  is 
Ml  marked,  but  with  this  exception,  no  considerable  alteration  seems 
b  be  produced  in  the  composition  of  the  blood  for  more  than  a  very 
Ikort  time;  the  loss  of  the  other  constituents,  including  the  colorless 
terpnscles,  being  very  quickly  repaired, 

Tarifitions  in  different  parts  of  the  Bodif^^^The  composition  of  the 
dood,  as  might  be  expected,  is  found  to  vary  in  different  parts  of  the 
bd?.  Thus  arterial  blood  differs  from  venous;  and  although  its  com- 
^tion  and  general  characters  are  uniform  throughout  the  whole  course 
if  the  systemic  arteries,  they  are  not  so  throughout  the  venous  system 
^the  blood  contained  in  some  reins  differing  remarkably  from  that  in 
ythers. 

DiffereneBs  beiwe^n  Arterial  and  Venous  ^/ood.— The  differences  be- 
tween arterial  and  venous  blood  are  these:— 

(a.)  Arterial  blood  is  bright  red,  from  the  fact  that  almost  all  its 
Iwmoglobin  is  combined  with  oyxgen  (Oxy-hsBmoglobin,  or  scarlet  hae- 
Sioglobin),  while  the  purple  tint  of  venous  blood  is  due  to  the  deoxida- 
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tion  of  a  certain  quantity  of  its  oxy-hsBmoglobin,  and  its  coDsequent 
redaction  to  the  purple  variety  (Deoxidized,  or  purple  haemoglobin). 

(b,)  Arterial  blood  coagulates  somewhat  more  quickly. 

(c.)  Arterial  blood  contains  more  oxygen  than  venous,  and  less  car* 
bonic  acid. 

Some  of  the  veins  contain  blood  which  differs  from  the  ordinaiy 
standard  considerably.  These  are  the  Portal,  the  Hepatic,  and  ih« 
Splenic  veins. 

Portal  vein.— -The  blood  which  the  portal  vein  conveys  to  the  linr 
is  supplied  from  two  chief  sources;  namely,  from  the  gastric  and  moh 
enteric  veins,  which  contain  the  soluble  elements  of  food  absorbed  froa ' 
the  stomach  and  intestines  daring  digestion,  and  from  the  splenic  vein;j 
it  must,  therefore,  combine  the  qualities  of  the  blood  from  each  of  theil^ 
sources. 

The  blood  in  the  gastric  and  mesenteric  veins  will  vary  much  ac- 
cording to  the  stage  of  digestion  and  the  nature  of  the  food  taken,  and 
can  therefore  be  seldom  exactly  the  same.  Speaking  generally,  and 
without  considering  the  sugar,  and  other  soluble  matters  which  maj 
have  been  absorbed  from  the  alimentary  canal,  this  blood  appears  to  be 
deficient  in  solid  matters,  especially  in  colored  corpuscles,  owing  to  di- 
lution by  the  quantity  of  water  absorbed,  to  contain  an  excess  of  proteid 
matter,  and  to  yield  a  less  tenacious  kind  of  fibrin  than  that  of  blood 
generally. 

The  blood  from  the  sjylejiic  vein  is  generally  deficient  in  colored  cor- 
puscles, and  contains  an  unusually  large  proportion  of  proteids.  The 
fibrin  obtainable  from  the  blood  seems  to  vary  in  relative  amount,  but 
to  be  almost  always  above  the  average.  The  proportion  of  colorless  cor- 
puscles is  also  unusually  large.  The  whole  quantity  of  solid  matter  ii 
decreased,  the  diminution  appearing  to  be  of  colored  corpuscles.  The 
plasma  is  said  to  be  colored  in  consequence  of  its  containing  dissolved 
haematin. 

The  blood  of  the  portal  vein,  combining  the  peculiarities  of  its  two 
factors,  the  splenic  and  mesenteric  venous  blood,  is  usually  of  lower 
specific  gravity  than  blood  generally,  is  more  watery,  contains  fewer 
colored  corpuscles,  more  proteids,  and  yields  a  less  firm  clot  than  that 
yielded  by  other  blood,  owing  to  the  deficient  tenacity  of  its  fibrin. 

Guarding  (by  ligature  of  the  portal  vein)  against  the  possibility  of 
an  error  in  the  analysis  from  regurgitation  of  hepatic  blood  into  the 
portal  vein,  recent  observers  have  determined  that  hepatic  venous  hlooi 
contains  less  water,  proteids,  and  salts  than  the  blood  of  the  portal 
veins;  but  that  it  yields  a  much  larger  amount 'of  extractive  matteif 
in  which  is  one  constant  element,  namely,  grape-sugar,  which  is  found, 
whether  saccharine  or  farinaceous  matter  has  been  present  in  the  food 
or  not. 
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Development  of  the  Blood-Corpuscles. 

The  first  fonned  blood-corpusclea  of  the  human  embryo  differ  much 

I iheir  general  characters  from  those  which  belong  to  the  later  periods 

ifctemterine,  and  to  all  periods  of  extra-uterine  life.     Their  manner 

lorigin  is  at  first  Yery  simple. 

Surrounding  the  early  embryo  is  a  ciircular  area,  called  the  vascular 

,  in  which  the  first  rudiments  of  the  blood-vessels  and  blood -corpua- 

[ii^  developed.     Here  the  nucleated  embryonal  cells  of  the  meso- 

,  from  which  the  blood-veseels  and  corpuscles  are  to  be  formed, 

od  out  processes  in  various  directions,  and  these  joining  together, 

1  an  irregular  niealiwork.     The  nuclei  increase  in  number,  and  eol- 

chieBj  in  the  larger  masses  of  protoplasm,  but  partly  also  in  the 


f)fL  m. — Part  of  the  network  of  developinK  bliiod-vf«nelj;  trt  ttu?  rasculAr  are&  of  a  gulnea-filg. 
W*  becomtnK  frt*o  iD  an  enlazii^l  and  [jollowetl-out  jtart  of  the  network  ;  a,  proceca 
CE.  A.  ScbVer.) 


It  appears  that  biemoglobin  then  makes  its  appearance  in  cer- 
in  of  these  nucleated  embryonal  cells,  which  thus  beconit^  the  earliest 
d  Wood -corpuscles.  The  protoplasm  of  the  cells  and  their  branched 
it-work  in  which  these  coq^uscles  lie  then  become  hollowed  out  into  a 
Item  of  canals  inclosing  floid,  in  which  the  red  nucleated  coTpiiscles 
The  corpuscles  at  first  are  from  about  t^^Vo  ^^^  W^ttj  ^^  ^^^  ^i^^^* 
to  16m)  in  diameter,  mostly  spherical,  and  with  grauular  contents, 
id  a  well-marked  nucleus.  Their  nuclei,  which  are  about  ^j^^g  of  an  inch 
)  in  diameter,  are  central,  circular,  very  little  prominent  on  the  enr- 
ol the  corpuscles,  and  apparently  slightly  granular  or  tuberculated. 
Tlie  corpuscles  then  strongly  resemble  the  colorless  corpuscles  of  the 
It  developed  blood,  but  are  colored.  They  are  ca])able  of  amoeboid 
tfameiit  and  multiply  by  division, 

Wliezit  in  the  progress  of  embryonic  development,  the  liter  begins  to 
formed,  the  multiplication  of  blood-cells  in  the  whole  mass  of  blood 
and  new  blood-cells  are  produced  by  this  organ,  and  also  by  the 
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spleen.  These  are  at  first  colorless  and  nucleated,  but  afterward  a 
quire  the  ordinary  blood-tinge,  and  resemble  very  much  those  of  the  fir 
set.  They  also  multiply  by  division.  About  this  time  the  bone  marro 
also  begins  to  form  red  corpuscles,  though  at  first  in  small  amonni 
only.  This  function  develops  rapidly,  however,  so  that  at  birth  tb 
marrow  represents  the  chief  seat  of  production  of  the  red  cells.  Nevei 
theless,  nucleated  red  cells  are  usually  found  at  birth,  sometimes  in  oon 
siderable  quantities,  in  the  liver,  and,  less  often,  the  spleen.  Noft 
nucleated  red  cells  begin  to  appear  soon  after  the  first  month  of  foeld 
life,  and  gradually  increase,  so  that  at  the  fourth  month  they  form  odo* 
fourth  of  the  whole  amount  of  colored  corpuscles;  at  the  end  of  foetal  lift 
they  almost  completely  replace  the  nucleated  cells.  In  late  foetal  lift 
the  red  cells  are  formed  in  almost  the  same  way  as  in  extra-uterine  life. 
Various  theories  have  prevailed  as  to  the  mode  of  origin  of  the  non- 
nucleated  colored  corpuscles.  For  a  time  it  was  thought  that  they  wen 
of  endoglobnliir  origin,  and  merely  fragments  of  some  original  cell,  1» 
ing  produced  by  subdivision  of  the  cell  body  itself.  This  theory  eaail] 
accounted  for  the  absence  of  the  nuclei,  but  it  has  not  been  supportec 
by  recent  investigations.     At  present  it  is  the  general  belief  that  tb 
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F\g  143.— Multiplication  of  the  nucleated  red  corpuscles.  Marrow  of  youog  kirteo  afU 
bleedine,  showiuK  above  karyokinetic  division  of  erythroblast,  and  below  the  formatloo  ( 
mature  from  immature  erythrooysts.     (Adapted  from  Howell.) 

Fife.  143.— Shows  the  way  in  which  the  nucleus  escapes  from  the  nucleated  red  corpoMli 
1,  2.  3.  4,  represent  different  statues  of  the  extrusion  noticed  upon  the  living:  oorpuwlet.  i 
Specimen  from  the  circulating  blood  of  an  adult  cat,  bled  four  times;  6,  specimen  from  the  d 
dilating  blood  of  a  kitten  forty  days  old,  bled  twice;  c,  specimens  from  the  blood  of  afOBtaloi 
9  cm.  lone.  Othera  from  th^  marrow  of  an  adult  cat,  two  of  the  flg^uree  showinic  the  gnaak 
present  in  the  corpuHcles  which  have  been  interpreted  erroneously  as  a  siicn  of  the  disintefcratii 
of  I  he  nucleus.     (After  Howell. ) 

non-nucleated  cells  are  derived  from  nucleated  cells  by  a  process  of  mi 
totic  division,  and  further  that  their  nuclei  gradually  shrink  or  fadeao 
are  then  extruded.  Extrusion  undoubtedly  occurs  with  great  f requeue} 
but  the  use  of  some  of  the  more  recent  stains  seems  to  prove  that  tbei 
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rtnces  of  DQcIear  materinl  in  the  non-Diicleatcci  corpuscles.     Owing 

these  facts  aud  other  recent  iuvestigatioiis,   Maxiniuw  assertd  tbut 

ihile  the  greater  part  of  the  nucleus  is  extrudeii,  still  a  sniaJl  portion 

unlly  remains  in  a  iinely  granular  form  and   gives  a  basic  staining 

ality  to  the  centres,  especial Iv  of  the  young  red  cells. 

fOrigin   of  the    Mature  Colored  Corpuscles* — ^It  has  already 

I  shown  that  during  uteriiie  life  the  inarruw  grudually  agsunies  more 

I  more  completely  thefunetioti  of  forming  red  cells.     This  function 

ails  after  birth,  and  moat  authorities  now  regrtrd  tho  red  marrow  as 

eiclusivo  seat,  under  normal  conditions,  of  the  production  of  red 

nicies.     The  original  cell,  or  eri/ikrtMtst^  is  generally  considered  to 

|i  largo  colorleaa  cell  which  is  devoid  of  hfemoglobin,  is  larger  than 

ordinary  red  ceH»  and   has  a  single  nucleus  but  no  nucleolus;  it 

i  but  Tery  slightly  from  the  original  mesobiastic  cell. 

|By  mitotic  division  of  these  original  cells  there  are  derived  several 

I  of  cells  which  approach,  more  and  more  completely,  the  type  of 

ated  red  corpuscles,  becoming  rich  in  htemogiobin.     The  nucleus 


#N«|t« 


» )4i— Ooloml  QueleatfKl  corpiiKle»,  from  the  red  marrow  of  th^  iriiiiJt*A-pl|f,    CE.  A.  ScliUfer. » 

1 

tfaen  extruded  {or  partly  extruded  aud  partly  broken  up)  and  the 
a]  DOB-Dncleated  red  corpuscle  resnlts*  A  few  authorities,  how- 
',  in  tracing  the  red  cells  back  to  colorless  cells,  think  that  all  the 
old  tissues  are  also  probable  sources  of  the  ery  thro  blasts.  In  in- 
fficy  and  early  childhood  the  red  niariow,  whicli  produces  the  colored 
DrpuBcles,  is  found  in  large  amount  in  the  cavities  of  almost  all  the 
iM.  In  adult  life  it  is  novmally  confined  to  the  ribs,  flat  bones, 
fcrtebrae,  and  upper  and  lower  thirds  of  the  long  bones.  In  ptttholo(/iad 
dUions  it  has  been  found  that  the  spleen  in  the  adult,  or  both  the 
)leen  and  the  liver  in  infancy  and  early  childhood,  can  resume  the 
inetioQ  of  producing  red  corpuscles. 

Without  doubt,  the  red  corpuscles  have,  like  all  other  parts  of  the 
^ganisro,  a  tolerably  definite  term  of  existence,  and  in  a  like  manner 
and  waste  away  when  the  portion  of  work  allotted  to  them  has  been 
ifonned.  Neither  the  length  of  their  life,  however,  nor  the  fashion 
their  decay  has  been  yet  clearly  made  out.  It  is  generally  believed 
il  a  certain  number  of  the  colored  corpuscles  undergo  disintegration 
tfoe  spleen ;  and  indeed  corpuscles  in  various  degrees  of  degeneration 

been  observed  in  that  organ « 
Origrin  of  the  Colorless  Corpuscles.—In   fmtal  life  the  white 
irpnsclea  are  not  found  in  the  blood  until  the  vascular  Rystem  has  been 
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very  extensively  developed,  long  after  the  appearance  of  red  cells;  the 
exact  time  of  their  appearance,  however,  has  not  yet  been  fully  deter- 
mined.    It  is  now  quite  generally  believed  that  in  the  foetus  both  red 
and  white  cells  are  derived  from  a  common  origin,  and  that  they  become 
differentiated  in  the  course  of  development.     The  earliest  known  pro-  \ 
genitors  of  the  leucocytes  are  the  primary  wandering  cells  of  mesodermal  j 
origin,  which  are  found  chiefly  in  the  connective  tissues,  thus  lying  out- 
side of  the  vessels.      Gathering  in  groups,  partly  at  the  sites  of  the 
future  lymph  nodes,  but  chiefly  in  the  embryonal  liver,  these  wandering 
cells  pass    through  several   generations  of   mitotic  division,  and  thai 
gradually  assume  the  type  of  leucocytes.     According  to  a  few  observeiii 
the  leucocytes  are  also  formed  in  the  circulating  blood  and  lymph  bfl 
amitotic,  less  frequently  by  mitotic,  division.     Later  on  in  foetal  lifM 
the  function  of  forming  leucocytes  is  gradually  transferred  from  the! 
liver  to  the  lymphoid  and  adenoid  tissues,  i.e.,  the  lymph  nodes,  spleen,  | 
marrow,  and  thymus. 

In  adult  life,  under  normal  conditions,  the  leucocytes  are  only 
formed  in  the  lymphoid  tissues,  including  the  lymph  nodes,  spleen  and 
marrow.  The  process  is  also  one  of  mitotic  division  (a  few  authoritiei 
claim  that  it  is  amitotic),  and  the  resulting  cells  pass  into  the  circulation 
by  way  of  the  thoracic  duct. 

Uses  of  the  Blood. 

1.  To  be  a  medium  for  the  reception  and  storing  of  matter,  e.g^ 
oxygen  and  digested  food  material,  from  the  outer  world,  and  for  iti 
conveyiince  to  all  parts  of.  the  body. 

2.  To  be  Ji  source  whence  the  various  tissues  of  the  body  may  take 
the  materials  necessary  for  their  nutrition  and  maintenance;  and  whence 
the  secreting  organs  may  take  the  constituents  of  their  various  secre- 
tions. 

3.  To  be  a  medium  for  the  absorption  of  refuse  matters  from  all  the 
tissues,  and  for  their  conveyance  to  those  organs  whose  function  it  is  ti 
separate  them  and  cast  them  out  of  the  body. 

4.  To  warm  and  moisten  all  parts  of  the  body. 


Fir&t  reoal  drculatioD 


SjsCemic  capillariei 


flight  and  left  sides  is  an  auricle  joined  to  and  communicating  with 

atricle,  but  the  chambers  on  the  right  side  do  not  directly  commu- 

with  those  on  the  left  side*     Tlie  blood  is  conveyed  away  from 

left  side  of  the  heart  (as  in  the  rliagram,  fig.  145)  by  the  arieries, 

returned  to  the  right  side  of  the  heart  by  the  reins,  the  arteries  and 

"tm  being  continuous  with  each  other  at  one  end  by  means  of  the 

irt,  and  at  the  other  by  a  fine  network  of  vessels  called  the  Cffpillaries* 

From   the   right  side  of  the  heart  the  blood  pusses  to  the  lungs 
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through  the  palmonary  artery,  then  through  the  pulmonary  capillftTMi 
and  through  the  pulmonary  veins  to  the  left  side  of  the  heart  (Fig.  14fl 
Thus  there  are  two  circulations  through  which  the  blood  fnusi  pass;  tti 
one,  a  shorter  circuit  from  the  right  side  of  the  heart  to  the  lungi  u 
back  again  to  the  left  side  of  the  heart;  the  other  and  larger  circa 
from  the  left  side  of  the  heart  to  all  parts  of  the  body  and  back  agaiBi 
the  right  side;  strictly  speaking,  however,  there  is  but  one  compli 
circulation,  which  may  be  diagrammatically  represented  by  a  donl 
loop,  as  in  fig.  145,  in  which  there  is  one  continuous  stream,  the  wIm 
of  which  must,  at  one  part  of  its  course,  pass  through  the  lungs.    Sn 
ordinate  to  the  circulations  through  the  lungs  and  through  the  sysfti 
generally,  respectively  named  the  Pulmonary  and  Systemic,  it  wiD 
noticed  also  in  the  same  figure  that  a  portion  of  the  stream  of  Uoi 
having  been  diverted  once  into  the  capillaries  of  the  intestinal  cam 
and  some  other  organs,  and  gathered  up  again  into  a  single  stream,  ii] 
second  time  divided  in  its  passage  through  the  liver,  before  it  finaD 
reaches  the  heart  and  completes  a  revolution.    This  subordinate  streil 
through  the  liver  is  called  the  Portal  circulation.     A  somewhat  simQi 
accessory  circulation  is  that  through  the  kidneys,  called  the  Renal  cil 
culation.    Such  then  is  the  outline  of  the  course  of  the  circulatifll 
The  problems  in  connection  with  its  maintenance  cannot  be  well  undil 
stood  without  a  more  detailed  knowledge  of  the  structure  and  modefl 
action  of  the  heart,  and  of  the  structure  and  properties  of  the  blood 
vessels.    These  subjects  will  now  be  considered  seriatim. 

The  Heart. 

The  heart  is  contained  in  the  chest  or  thorax,  and  lies  between  1 
right  and  left  lungs  (fig.  146),  inclosed  in  a  membranous  sac — the  Pe 
cardium,  which  is  made  up  of  two  distinct  parts,  an  external  fibr 
membrane,  composed  of  closely  interlacing  fibres,  which  has  its 
attached  to  the  diaphragm  or  midriff,  the  great  muscle  which  forms  i 
floor  of  the  chest  and  divides  it  from  the  abdomen — both  to  the  cent 
tendon  and  to  the  adjoining  muscular  fibres,  while  the  smaller 
upper  end  is  lost  on  the  large  blood-vessels  by  mingling  its  fibres ' 
that  of  their  external  coats ;  and  an  internal  serous  layer,  which  not  ( 
lines  the  fibrous  sac,  but  also  is  reflected  on  to  the  heart,  which  it 
pletely  invests.     The  part  which  lines  the  fibrous  membrane  is 
the  parietal  layer,  and  that  inclosing  the  heart,  the  visceral  layer  or  ( 
cardium^  and  these  being  continuous  for  a  snort  distance  along  the  j 
vessels  of  the  base  of  the  heart,  form  a  closed  sac,  the  cavity  of  which i 
health  contains  just  enough  fluid  to  lubricate  the  two  surfaces,  and  1 
to  enable  them  to  glide  smoothly  over  each  other  during  the  moveme 
of  the  heart.     The  vessels  passing  in  and  out  of  the  heart  receive  i 
vestments  from  this  sac  to  a  greater  or  less  degree. 
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~"      heart  is  situated  in  the  chest  behind  the  sternum  and  costal 

jes,  being  placed  obliquely  from  right  to  left,  quite  two-thirds  of 

'eing  to  the  left  of  the  mid-sternal  line*     It  is  of  pyramidal  shape, 

th  the  apex  pointing  downward,  outward,  and  toward  the  left,  and  the 

-e  backward,  inward,  and  toward  the  right.     It  rests  upon   the  dia- 

mgm,  and  its  pointed  apex,  formed  exclusively  of  the  left  side  of  the 

rt,  i&  in  contact  with  the  chest  wM,  and  during  life  heats  against  it 

A  point  called  the  apej'  fjt'itt,  situated  in  the  fifth  left  intercostal 

and  ttbont  three  inches  from  the  mid-sternal  line.     The  heart  is, 

it  were,  euspended  in  the  chest  by  the  large  vessels  which  proceed 

iia  base,  but,  excepting  at  this  part,  the  organ  itself  lies  free  within 

ftAC  uf  the  pericardium.    The  pnrt  w^hich  rests  upon  the  diaphragm 


Bi^l  luiig 


FuUnDzuuy  luterj 


Left  lung 


Diapliragni 


^^ 


L— TIew  of  heart  a&d  liingi!  lu  nitii.    Tin*  fnmt  portkm  of  the  cbeet-wjUl^  and  the  outer 
si  l»j«r»  of  the  pleune  mid  pcrienrdiuui  have  bwii  removed.    The  luMurs  are  partly  col- 


Ittened,  and  is  known  as  the  post erior  surface^  while  the  free  upper 

;  tf  called  the  anterior  surface.     The  margin  toward  the  left  ia  thick 

|ablitfie,  while  the  lower  margin  toward  the  right  is  thin  and  acute. 

>n  examination  of  the  external  surface  the  division  of  the  heart  into 

which  correspond  to  the  chambers  inside  of  it  may  be  traced,  for 

fp  tranirerse  groove  called  the  auriculO'Veniricular  grooiw  divides 

fftQricles  which  form  the  base  of  the  heart  from  the  ventricles  which 

the  remainder,  in  chiding  the  apex,  the  ventricular  portion  being 

ir  the  greater;  and,  again,  the  inier-venirictdar  grmve  runs  between 

"entricles  both  front  and  b«ck,  and  separates  the  one  from  tlie  other. 

anterior  groove  is  nearer  the  left  margin  and  the  posterior  nearer 

right,  as  the  front  surface  of  the  heart  ia  made  up  chiefly  of  the 

,t  rentricle  and  the  posterior  surface  of  the  left  ventricle.     In  the 
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Flgf.  117,— The  nght  Auricle  nod  Fentrlcl©  opeiked,  unci  a  part  of  their  rijztit  and  uil 
remoTed,  bo  aa  Ui  show  their  iDteri<ir.     Hi— t,  Suiierior  vena  rava  ;  i£,  inferior  v^ua  cava  •  d*, 
vetnB  cul  Bfaort  %  'A,  right  tiudele  ;  S',  |i1al'€h1  iu  the  fossa  ovalitt,  t>elow  which  lb  the  Eiistad 
S^t  is  plaoed  clo«<5  to  the  ajierture  of  Kh^  eoroimrv  %eiii  ;  +,  +,  pine**!  In  the  auriculo-^ 
Kpoof^  wh*?re  a  narroi-v  pc«rtion  ^f  iheattjacent  walls  ot  tht*uiirick'  and  veutridJe'  has  been . 
4, 4,  cavity  of  the  tight  ventricle,  the  >JiM)*^>'  f1i?iicv  b  Intmevliatelj  below  the  lemilunar  ti 
larjce  colunina  c&ruen  or  musculuH  paiiiirJulH  ,  .">,  5',  5\  tricuetpiicl  vmliTe  *,  «,  placinl  iti  the  ii 
the  itiilmouary  artery,  a  part  of  tlu*  aiitt^rjcji-  wall  of  that  V4»eie]  barlag  been  nsmovol.  aod 
poruoo  of  It  pneserveci  at  it*  eoimneiici^tnt'iit,  wliere  the  w*niiUifiar  valve*i  are  utt^i^^i  •  i     :  < 
of  the  aortic  ftrcJi  close  totht*  eonl  of  the  Lluctiiis  ftrt**nosniifi  ;  K,  aM^emhc)?  jiart  ^1 

levered  at  iLrtcomuieuL-emt-rit  by  the  aurietilar  iii>pendix  and  piiluunmry  aru^ry  l» 

the  innomiDatc  aud  Jeft  caroUd  arterieii ;  lU,  appeadiz  of  tho  kft  auricle  ;  11^  U^,  ^  ..^ — •-  -^i  1 
veutrlde,  tb«  lower  figure  u^ftr  the  apex.    C^^uoci  ThomaouO 

divided  transversely  into  an  upper  and  a  lower  portion,  called  re 
ively,  as  iilready  incidentally  mentioned,  iuiriele  find  ventricle,  ^ 
freely  communicate  one  with  the  other;  the  aperture  of  conimunio 
however,  is  guarded  by  valves,  so  disposed  as  to  allow  b!ood  tc 
freely  from  the  auricle  into  the  ventricle,  but  not  in  the  oppoaite  c 


Tbm  %eit  Aiuicle  and  ventricle  i^pcned  and  n  part  ot  their  ftnterior  and  k*ft  walls  re- 

Tba^ pnlllMHiary  artery  has  tjet-ii  divided  at  iis  frtiimieiiet'liient  ;  the  uf»eniij|^  iin*"  the 

ahi  .rt  - IJHtanrH  into  tin*  norta  tx-t wt^^n  tAvo  nf  tlie  aegrnients  t>C  thts  iwoiUunfirr 

anriole  with  its  UMneiKlix  lias  >)t^n  r^'inoved.    Tht*  ris-ht  miricle  i>. 

■iiltnpuary  TeinsentKliui't ;  tlnnmiM'filnKH  are  swan  within  thvaMrtde: 

,.    .t^ri^-|e  *«n  the  k'ft  >.idt*  of  thtv^^pumi  ami  on  the  pan  wliicb  ioruw 

"ti  nvair,  nl  which  thi:"  ciV4i('<*utie  fold  la  at^n  towarrj  Uie  left 

\\ai\  'A  t\iv  nuricleaud  ventricle  prcsiTvwi  nuind  iheayriciik> 

'•  -f  the  WrtU»  rvf  the  veoiriule.  ie*«eii  to  becf*aie  v*'vy  itmch 

'  imrt  of  Th«  (irit*  rior  wall  of  th+*  lt*fr  vi^iiiriele  winch  lia^i 

irilufiinH  t'iiriu  a  nr  JiiiiHiiilui^  pftpillaim  attached  to  it  ; 

.      :  die  sejitumi,  hctween  the  two  vetitriclifH*  whhhi  thet'ttvity 

'.i*lv(!';  7,  plftct*il  ill  tb«  interior  of  thfnoita  uearil-H  commence- 

i>f  [til  Ri^rihh mar  valve  which  are  hiiu^h.f:;  hniKely  to>^a*iher  ;  *'. 

.  .  ,  8,  th*»  HMni  of  thepuhnonary  flrtery  and  its  lieiuiltmar  vrdv(« ; 

ttmymfT^lied  pturti^tfi  ot  tlie  puluJUOArii*  arter}'  r^niainin^  nttaehfn]  to  th^  aorta  by  %  the  e^ird  of 
K  JO,  the  arteries  risJDi^fritif]  the  sumtnit  of  the  aortic  arch.    (Allen  Thoinsoii.) 

ragu^ehaped  portion,  the  right  auricular  ajjpendiXf  which  slightly  over- 
ip»  th«?  eiit  of  the  great  artery,  the  aorta,  from  the  heart. 
The  mterior  is  imooth,  bt*ing  lined  with  the  general  lining  of  the 
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heart,  the  endocardium^  and  into  it  open  the  superior  and  inferior  venj 
cavaB,  or  great  Teine,  which  convey  the  blood  from  all  parts  of  the 
to  the  heart  The  former  is  directed  downward  and  forward^  the  ] 
upward  and  inward;  between  the  entrances  of  these  vessels  is  a  i 
tubercle  called  tubercle  of  Lower,  The  opening  of  the  inferior  c»f 
protected  and  partly  covered  by  a  membrane  called  the  Eustachid 
vahe.  In  the  posterior  wall  of  the  auricle  is  a  slight  depression  calW 
thB  fossa  oval  is,  which  corresponds  to  an  opening  between  the  right  ani 
left  auricles  which  exists  in  fo?tal  life.  The  right  auricular  appendix  i 
of  oval  form,  and  admits  three  fingers.  Various  veins,  including  tin 
coronary  siHUi<^  or  tiie  dilated  portion  of  the  right  coronary  vein,  op 
into  this  chamber.  In  the  appendix  are  closely  set  elevations  of 
muscular  tissue  covered  with  endocardium,  and  on  the  anterior  wa 


Fig.  148,— Traasverae  eectlon  of  bullock's  heart  in  a  state  nf  endaveric  rliHillt:f . 
b,  Cavity  of  right  Tentricle.    «,  Cavity  of  lt*ft  ventricle. 


(DAltOQ,) 


of  3 


the  auricle  are  similar  elevations  arranged  parallel  to  one  another,  < 
museuli  pirfiuafL 

Ilighi  Veif trick, — The  riglit  ventricle  occupies  the  chief  part  of  1 
anterior  surface  of  the  heart,  as  well  us  a  small  part  of  the  posterioil 
surface:  it  forma  the  right  margin  of  the  begirt.  It  takes  no  part  m 
the  formation  of  the  apex.  On  section  its  cavity,  in  conserjuence  of  tlU 
encroachment  upon  it  of  the  septum  ventriculorum,  is  semiluniiT  01 
crescentic  (tig*  140);  into  it  are  two  openings,  the  auriculo-ventricolB 
at  the  base  and  the  opening  of  the  pulinonary  artery  also  at  the  hnsfli 
but  more  to  the  lelt;  the  part  of  the  ventricle  leading  to  it  is  called  tbi 
canu8  arieriosus  or  infmidibulHiu  ;  both  orifices  are  guarded  by  valrefl 
the  former  chilled  trintspifl  and  the  Littor  semilunar  or  sigmmd,  m 
this  ventricle  are  also  the  projections  of  the  muscular  tissue  C4dle<!  r^ 
himnm  carnem  (described  at  length  p.  17 1* V 

Left  Anride.—Tlm  left  auricle  is  situated  at  the  left  and  p* 
part  of  the  base  of  the  heart,  and  is  best  seen  from  behind.     It  i- 
rilaterul,  and  receives  on  either  side  two  i>ulmonary  veins.     The  auric 
lar  appendix  is  the  only  part  of  the  auricle  seen  from  the  front,  and 
corresponds  with  that  on  the  right  side,  but  is  thicker,  and  the  interim* 
is  more  smooth.     The  left  iuiriele  is  only  sligiitly  thicker  than  the  right 
The  left  auriculo* ventricular  orifice  is  oval,  and  a  little  smaller  tb 
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tm  the  right  side  of  the  heart.     There  is  a  slight  ve-etige  of  the 

aen  between  the  auricles,  which  exists  in  fcetal  life,  oa  the  fiaptam 

reen  them. 

iLef't  Ventricle. — Though  taking  ])art  to  a  comparatively  Blight  ei- 

r  in  the  anterior  surface,  the  left  ventricle  occupies  the  chief  part  of 

posterior  surface.     In  it  are  two  openings  verj  close  together,  yiz, 

aariculo-ventricular  and  the  aortic,  guarded  by  the  valves  corre- 

Dding  to  those  of  the  right  side  of  the  heart,  viz,  the  bicuHpid  or 

'and  i\io  setnilunar  or  itigmmd.     The  first  opening  is  at  the  left 

:  back  part  of  the  base  of  the  ventricle,  and  the  aortic  in  front  and 

the  right.     In  this  ventricle,  as  in  the  right,  are  the  columnBB 

B,  which  are  smaller  but  more  closely  reticulated.     They  are  chiefly 

Dd  near  the  apex  and  along  the  posterior  wall.     They  will  be  again 

to  in  the  description  of  the  valves.     The  walls  of  the  left  ven- 


.  !&>,— Ketwotlc  of  mnsciitAr  ffbra«  frtmi  the  heart  of  a  lAa.    The  uticki  of  the  muacle-oorpus- 
cles  are  well  fihown.    x  450.     t Klein  and  Noble  Smith. ) 

|e»  which  are  nearly  lialf  an  inch  in  thickness,  are,  with  the  excep- 

of  the  apex,  twice  or  three  times  as  thick  as  those  oi  the  right. 

f Capacity  of  the  Chanibers. — During  life  each  ventricle  is  capable 

r containing  about  four  to  six  ounces  (about  180  grrae.)  of  blood.     The 

dty  of  the  auricles  after  death  is  rattier  less  than  that  of  the  ven- 

b:  the  thickness  of  tlieir  walls  is  considerably  less.     The  latter 

iition  is  adapted  to  the  small  amount  of  force  which  the  auricles 

in  order  to  empty  themselves  into  their  adjoining  ventricles; 

^former  to  the  circumstance  of  the  ventricles  being  partly  filled  with 

before  the  auricles  contract. 
Size  and  Weight  of  the  Heart* — The  heart  is  about  5  inches 
(about  12.6  cm.),  3^  inches  (8  cm.)  greatest  width,  and  2^  inches 
fcm*  )  in  its  extreme  thickness.     The  average  weight  of  the  heart  in 
k adult  \a  from  9  to  10  ounces  (about  300grms.);  its  weight  gradually 

j&g  throughout  life  till  middle  age;  it  diminishes  in  old  age. 
fStructure. — The  walls  of  the  heart  are  constructed  almost  entirely 
'layers  of  muscular  fibres  j  but  a  ring  of  connective  tissue,  to  which 
le  of  the  muscular  fibres  are  attached,  is  inserted  between  each  auri* 
.and  Tentricle,  and  forms  the  boundary  of  the  auri<ml<hVQniri€iilaf 

12 
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opening.     Fibroue  ilssae  also  exigts  at  the  origitia  of  the  pala 
artery  and  aorta. 

The  muscular  fibres  of  each  auricle  are  in  part  continuouB  mtU 
of  the  other,  and  partly  separate;  atid  the  same  remark  holds  til 
the  ventricles.  The  fibres  of  the  auricles  are,  however,  quite  s^ 
from  those  of  the  ventricles,  the  bond  of  connection  between 
being  only  the  fibrous  tissue  of  the  auriculo-ventricular  openings. 

The  minute  structure  of  the  striated  muscular  fibres  of  th# 
has  been  already  described  (p.  88). 

Endocardium. — As  the  heart  is  clothed  on  the  outside  by  ( 
transparent  layer  of  pericardium,  so  its  cavities  are  lined  by  a  at 


f^.  151 ,— DiAgram  of  the  ctrcuIatJoD  tlirous^  the  heaat  CD&Iton) 

and  shining  membrane,  or  endocardium^  which  is  directly  conti 
with  the  internal  lining  of  the  arteries  and  veins.  The  endocardi 
composed  of  connective  tissue  with  a  large  admixture  of  elastic  I 
and  on  its  inner  surface  is  laid  down  a  single  tessehited  layer  o] 
tened  endothelial  cells.  Here  and  there  nnstriped  rauecular  fibn 
sometimes  found  in  the  tissue  of  the  endocardium. 

Valves. — The  arrangement  of  the  heart's  valves  is  such  thi 
blood  can  pass  only  in  one  direction  (fig,  151). 

The  tricuiipid  -^viixQ  {5,  fig.  147)  presents  three  principal  cusps  <fl 
divisions,  and  the  mitral  or  bicuspid  valve  has  two  such  portions  ^ 
148).  But  in  both  valves  there  is  between  each  two  principal  poj 
a  smaller  one;  so  that  more  properly,  the  tricuspid  may  be  descrilj 
consisting  of  six,  and  the  mitral  of  (our,  portions*  Each  portioal 
triangular  form.     Its  base  is  continuous  with  the  bases  of  the  neig 
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portions^  so  as  to  form  tm  annular  membrane  around  the  auriculo- 
Bliricular  opening,  and  is  lixed  to  a  tendinous  ring  which  encircles  the 
ioe  between  the  auricle  and  ventricle  and  receives  the  insertions  of 
muscular  fibres  of  both.  In  cacli  principal  ensp  may  he  distin- 
liahed  a  central  part,  extending  from  buse  to  apex,  and  including  about 
llf  itd  width.  It  is  thicker  and  much  tougher  than  the  border  pieces 
edges. 

While  the  bases  of  the  ensps  of  the  valves  are  fixed  to  the  tendinous 
op,  their  ventricular  surface  and  borders  are  fastened  by  slender  ten- 
fibres,  the  chordtf?  tendinet^f  to  the  internal  surface  of  the  walls  of 
tricles,  the  mnecular  fibres  of  which  project  into  the  ventricular 
in  the  forra  of  bundlcvS  or  columns^-tbe  vtdHmnw  cnnieir.  These 
ns  are  not  all  alike,  for  while  some  are  attached  along  their  whole 
igth  on  one  side,  and  hj  their  extremities,  others  are  uttiiebed  only 
their  extremities;  and  a  tliird  set,  to  which  the  name  musadi  jntpH- 
has  been  given,  are  attaelied  to  the  wtdl  of  the  ventricle  by  one 
!iremity  only,  the  other  projecting,  papilla-like,  into  the  cavity  of  the 
Ltrtele  (4,  fig.  148),  and  having  attached  to  it  chorda-  tendineo?.  Of 
tendinons  cords,  besides  those  which  pass  from  the  walls  of  the 
itiicle  and  the  masculi  papillares  to  the  margins  of  the  valves,  there 
aome  of  especial  strength,  which  pass  from  the  same  parts  to  the 
pes  of  the  middle  and  thicker  portions  of  the  cusps  before  referred  to, 
le  ends  of  these  cords  are  spreiul  out  in  the  substance  of  the  valve, 
ring  its  middle  piece  its  peculiar  Btrongth  and  toughness*;  and  from 
sides  numerous  other  more  slender  and  branching  cords  are  given 
\  which  are  attached  all  over  the  ventricular  surface  of  the  adjacent 
rder-pieces  of  the  principal  portions  of  the  valves,  as  well  us  to  those 
taller  portions  which  have  been  mentioned  as  lying  between  each  two 
llieipal  one€.  Moreover,  the  musculi  pafii Hares  are  so  jiluced  that, 
the  snmintt  of  each,  tendinous  cords  proceed  to  the  adjacent  halves 
two  of  the  principal  divisions,  and  to  ono  intermediate  or  smoller 
riiion,  of  the  valve. 
The  preceding  description  applies  eqnally  to  the  mitral  and  tricus- 
Ifalve;  but  it  should  he  added  that  the  mitral  is  considerably  thicker 
I  stronger  than  the  tricnspid^  in  accordance  with  the  greater  force 
lich  it  is  called  upon  to  resist. 

The  semilunar  valvis  guard  the  orifices  of  the  pulmonary  artery  and 

tile  aorta.     They  are  nearly  alike  on  both  sides  of  the  heart;  but  the 

TalTes  are  altogether  thicker  and  more  strongly  coustrncted  than 

)  imlmonary  valves,  in  accordance  with  the  greater  pressure  which 

^■Aatre  to  withstand.     Each  valve  consists  of  three  parts  which  »re  of 

^^■BHU'  shape,  the  convex  margin  of  eacli  being  attached  to  a  Obrous 

^^pt  the  place  of  junction  of  the  artery  to  the  ventricle,  and  the 

f 


1 


i  the  aoxti 
wan  of  tte 

lyof  tidi 
whioh.  ii| 


180  HANDBOOK   OP   PHYSIOLOGY. 

like  a  watch-pocket  (7,  fig.  148).  In  the  centre  of  the  free  edge  of  tin 
pouchy  which  contains  a  fine  cord  of  fibrous  tissue,  is  a  small  fibrom 
nodule,  the  corpus  Arantii,  and  from  this  and  from  the  attached  boida 
fine  fibres  extend  into  every  part  of  the  mid  substance  of  the  valTi|| 
except  tt  small  lunated  space  just  within  the  free  edge,  on  each  side  if 
the  corpus  Arantii.  Here  the  valve  is  thinnest,  and  composed  of  litUi 
more  than  the  endocardium.  Thus  constructed  and  attached,  the  thm 
semilunar  pouches  are  placed  side  by  side  around  the  arterial  orifice  ol 
each  ventricle,  which  can  be  separated  by  the  blood  passing  out  of  tlMj 
ventricle;  but  which  immediately  afterward  are  pressed  together,  so  i| 
to  prevent  any  return  (G,  fig.  147,  and  7,  fig.  148).  This  will  be  agaia 
referred  to.  Opposite  eac^h  of  the  semilunar  cusps,  both  in  the  aoxti 
and  pulmonary  artery,  there  is  a  bulging  outward  of  the  wall  of 
vessel:  these  bulgings  are  called  the  minuses  of  Valsalva. 

Structure,— ''Y\m  valves  of  the  heart  are  formed  essentially  < 
layers  of  closely  woven  co?mective  and  elastic  tissue,  over 
every  part,  is  reflected  the  endocardium.  \ 

1 
The  Arteries. 

Distribution.— The  arterial  system  begins  at  the  left  yentricle 
single  large  trunk,  the  aorta,  wliich  almost  immediately  after  its  oi 
gives  of!  ill  tlie  thorax  three  large  branches  for  the  supply  of  the 
nook,  and  upper  extremities;  it  then  traverses  the  thorax  and  abdoi 
giving  off  brandies,  some  large  and  some  small,  for  the  supply  of 
various  organs  and  tissues  it  passes  on  its  way.  In  the  abdomen  il 
divides  into  two  oliief  branches,  for  tlie  supply  of  the  lower  extremitu 
The  arterial  branolios  wlierever  given  off  divide  and  subdivide,  until 
calibre  of  each  subdivision  becomes  very  minute,  and  these  minute 
sels  j)ass  into  ca])illaries.  Arteries  are,  as  a  rule,  placed  in  situal 
])rote(aed  from  pressure  and  otlier  dangers,  and  are,  with  few  excepts 
straight  in  their  course,  and  frecjuently  communicate  (anastomose 
inosculate)  with  other  arteries.  The  branches  are  usually  given  off 
an  acute  an*::lt',  ami  the  areas  of  the  branches  of  an  artery  generally 
ceed  that  of  the  parent  trunk,  and  as  the  distance  from  the  origin 
increased,  the  area  of  the  com])ined  branches  is  increased  also. 
death,  arteries  are  usually  found  dilated  (not  collapsed  as  the  veins 
and  empty,  and  it  was  to  tliis  fact  that  their  name  (aprT^pia^  the 
pipe)  was  given  them,  as  the  ancients  believed  that  they  conveyed 
to  the  various  parts  of  the  body.  As  regjirds  the  arterial  system  of 
lungs,  the  pulmonary  artery  is  distributed  much  as  the  arteries  belon  ' 
ing  to  the  general  systemic  circulation. 

Structure, — The  walls  of  the  arteries  are  composed  of  three  prind| 
coikts,  termed  {a)  the  external  or  tunica  adventitia,  (6)  the  middle  1  ' 
tunica  media,  and  (r)  the  internal  or  tunica  intima. 
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mUrnal  coat  or  tunka  udveuHiiu  (figs.  152  and  153,  ff),  tlie 
ind  toughest  part  of  the  wall  of  the  artery,  is  formed  of 
Bue,  with  which  is  mi  rtgled  throughout  a  network  of  elastic 

the  inner  part  of  this  outer  coat  the  elastic  network  forma  in 
ies  go  distinct  a  layer  as  to  be  sometimes  called  the  exiernal 

(fig,  153,  e), 

^middle  coat  (fig,  153,  m)  is  composed  of  both  muscular  and 
PJ^with  a  certain  proportion  of  areolar  tissue.  In  the  larger 
g,  153)  its  thickness  is  comparatively  as  well  as  absolutely 
ter  than  in  the  small,  constituting,  as  it  does,  the  greater  part 


Pig.  158. 
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Poute  artery  view€<l  in  longiiudfBal  e^ciion.    r.  NueleateHd  endotbellftl  menibr&ne, 

M  in  lumcDt  Inokeil  at  from  aIhivh  ;  i,  tbtu  elastic  tutiicfi  ItititiiA  ;  ni,  muscuiar  codt 

I;  o.  tunico  ad^entltia.     tKtvin  and  Noble  SmltliJ      >  iiW. 

^nuagvcne  section  ihrmji^ti  a  lar^^p  bi  Aiitii  4<r  tlit^  inferior  meeenterie  artery  of  a  pig. 

iMoilirmne ;  i,  riiDica  elnntlcn   inu^roft,  tio  Kubtiidotheliftl  layer  In  seen  ;  m,  muacular 

ymtatntrig  only  a  few  wavy  ela.stie  liiire^  ;  e,  r,  tunlea  elatitica  externa,  dlvidiog  that 

iconiiectJTetiaBiie  adventitlA  a.    (KlHn  ainl  KolMt^SmitJiJ    x  850. 

macular  ftbre-oellii  (mm  huiiiAu  arierieSt  cnagiiiaed  850  diameters.    (K&JJiker.)    a* 

lEbre-cell  tnated  with  acetic  acid. 


»rial  walL  The  muscular  fibres  are  un striped  (fi^.  164),  and 
d  for  the  most  part  transversely  to  the  lon^  axis  of  the  artery 
t);  while  the  elastic  element,  taking  jdso  a  transverse  direc- 
^O0ed  in  the  form  of  closely  interwoven  and  branching  fibres, 
rsect  in  all  parts  the  layers  of  museuhir  fibre.  In  arteries  ot 
^  there  is  a  dilTerence  in  ihe  proportion  of  the  muscular  and 
lent,  elastic  tissue  preponderating  hi  the  largest  arteries,  and 
Imacle  in  those  of  medium  and  small  size. 
I  inidrnal  coat  is  for  mot!  by  a  layer  of  elastic  tissue,  called 
lied  mat  of  Hcnle,  It  is  peculiar  in  its  temiency  to  curl  up, 
S  off  from  the  artery,  and  in  the  perforated  and  streaked  ap- 
^ich  it  presents  ruder  the  microscope.  Its  inner  surface  ia 
lelicate  layer  of  elongated  endothelial  cells  (fig.  153,  e), 
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which  make  it  Bmootli  and  polishetl,  and  fnrniah  a  nearly  imper^ 
surface,  aloDg  which  tiie  blood  may  flow  with  the  smallest  fi 
amount  of  resistance  from  friction. 

Im media tt'ly  cxtornal  to  the  endothelial  lining  of  iho  artery  | 
connective  tissue,  the  syb-cNtlothehal  lat/ery  with  branchefl  eorp^ 
Thus  the  internal  coat  consists  of  three  parts,  (a)  an  endothelial  \ 
(';)  the  siib-endotholtal  layer,  and  (< )  elastic  layers, 

Vam    Vasonim.'^The  walla  of  the  arteries,  with  the  except 


Bu^4MklotbehaJ  lajrocj 
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the  endothelial  lining  and  the  layers  of  the  internal  coat  iimne 
outside  it,  are  not  nonrished  by  the  blood  which  they  convey, 
like  other  parts  of  the  body,  supplied  with  little  arteries,   end 
capillaries  and  veins,  which,  branching  throughout  the  externa 
exteud  for  some  distauco  into  the  middle,  but  do  not  reach  the  id 
coat.     These  nutrient  vessels  are  called  vam  vasorum.  \ 

yerves, — Most  of  tho  arteries  are  surrounded  by  a  plexus  of  | 
tbetic  nerves,  which  twine  around  the  vessel  very  much  like  ivy, 
a  tree:  and  ganglia  are  found  at  frequent  intervals.  The  smallefi 
ies  are  also  surrounded  by  a  very  delicate  network  of  piniilar  nerval 
many  of  which  appear  to  end  near  the  nuclei  of  tho  transverse  m^ 
fibres  (fig.  166). 
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The  Capillaries. 

Disiribniian.—In  all  vascular  texturefl  except  eonie  parts  of  the  cor- 
\fer^  cavernosa  of  the  penis,  and  of  the  uterine  plHceuta,  and  of  the 
pteen,  the  transmission  of  the  blood  from  the  minute  branches  of  the 
ies  to  the  minute  veins  is  effected  tli rough  a  network  of  capillaries. 
ey  may  be  seen  in  all  minutely  injected  prepanitions. 
The  point  at  which  the  arteries  terminate  tind  the  minute  veins  com- 
e,  cannot  be  exactly  defined^  lor  the  transition  is  gradual;  but  the 


1119.'— BaxnlilcfttioQ  of 


KDd  Cermjoation  in  the  musctilAr  coat  of  a  wmali  artery  of  the 
frojf,    lArbold.) 


ipQlaiy  netw^ork  has,  nevertheless,  this  peculiarity,  that  the  small 

da  which  compose  it  maintain  the  same  diameter  throughout;  they 

[  not  diminish  in  dmmeter  in  one  direction,  like  arteries  and  veins; 

Ihe  meshes  of  the  network  that  they  compose  are  more  uniform 

diupe  and  «^Z6  than  those  formed  by  the  anastomoses  of  the  minute 

and  veins. 

8iruciure,—Thh  is  much  more  simple  than  that  of  the  arteries  or 
Their  walls  are  composed  of  a  single  layer  of  elongated  or  radi- 
,  flattened  and  nucleated  cells,  so  joined  and  dovetailed  together  as 
iUurm  a  continuous  transparent  menihnme  {fig.  157).  Outside  these 
in  the  larger  e^ipillaries,  there  is  a  structureless  or  very  finely 
uted  membrane,  on  the  inner  surface  of  which  they  are  kid  down, 
cases  this  external  membrane  is  nucleated,  and  may  then  be 
led  as  a  miniature  representative  of  the  tunica  ad ventitia  of  arteries. 
and  there  at  the  junction  of  two  or  more  of  the  delicate  endothe- 
J  ceils  which  compose  the  capillary  wall,  pseudo-stomata  may  be  aeen. 
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The  diameter  of  thf^  capillary  vessels  Taries  Bomewhat  in  the  difii 
textures  of  the  body,  the  most  comman  size  being  about  y^jVirth  of  | 
inch,  12/i.     Amon^  the  smallest  may  be  mentioned  those  of  the  bi 
and  of  the  follicles  of  the  mucous  membrane  of  the  intestines; 
the  largest,  those  of  the  skin,  and  especially  those  of  the 
bones. 

The  size  of  capillaries  varies  necessarily  in  different  animals  in  i 


T\g.  l&7.<-€apiUATy  blood-veoiets  from  the  omt-tituin  of  rabbity  sbowioK  tli«  nucleated  eodod 
membratii^  of  which  tbey  Are  c^ornt^nsed,    {Klfio  and  Noble  Smith  j 
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tion  to  the  size  of  their  blood  corpuscles:  thus,  in  the  Proteus,  thf* 
lary  circulation  can  just  be  discerned  with  the  naked  eye. 

The /or  m  of  the  e^ipilliiry  network  presents  considerable  varietj 
the  different  textures  of  the  body:  the  varieties  consisting  princip 
of  modifications  of  two  chief  kinds  of  mesh,  the  rounded  and  the  el 
gated.  That  kind  in  which  the  meshes  or  interspaces  have  a  rounl 
form  is  the  most  common,  nnd  prevails  in  those  purts  in  which 
capillary  network  is  most  dense^  such  as  the  lungs  (fig,  15S),  zs 
glands,  and  mucous  membranes,  and  the  cutis.  The  meshea  of  I 
kind  of  network  are  not  quite  circular  hut  more  or  less  angular,  soi 
times  presenting  a  nearly  regular  quadrungular  or  polygoniil  form, 
being  more  frequently  irreguhir.  The  ciipillary  network  with  elon 
meshes  is  observed  in  parts  in  which  the  vessels  are  arranged] 
bundles  of  fine  tubes  or  fibres,  as  in  muscles  and  nerves.  In  sui 
the  meshes  form  parallelograms,  the  short  sides  of  which  may  be  fi 
three  to  eight  or  ten  times  less  than  the  long  ones;  the  long  sides  h« 
more  or  less  parallel  to  the  long  axis  of  the  fibre.  The  rounded  1 
elongated  meshes  vary  according  as  the  vessels  composing  them^ 
straight  or  tortuous. 

The  number  of  the  capillaries  and  the  size  of  fke  mesh^  in  diffei 
parta  determine  in  general  the  degree  of  vascularity  of  those  pi 
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1^  capiJJary  network  is  cloetst  in  the  lungs  and  in  the  choroid  coat  of 
eje.  In  tho  iris  and  ciliary  hody,  the  interBpaees  are  somewhat 
fer,  jet  very  smiilh  In  the  human  liver  the  interspaces  are  of  the 
le  siie,  or  even  smaller  than  the  capillary  vessels  themselves.  In  the 
n  lung  they  are  smaller  than  the  vessels;  in  the  human  kidney, 
the  kidney  of  the  dog,  the  diameter  of  the  injected  capillaries, 
pared  with  that  of  the  interspaces,  is  in  the  proportion  of  one  to 
,  or  of  one  to  three.  The  brain  receives  a  very  large  quantity  of 
but  its  capillaries  are  very  minute,  and  are  less  numerous  than 
•iome  other  parts.  In  the  mucons  membranes — for  example  in  the 
ijunctiva  and  in  the  cutis  vera^  the  capillary  vessels  are  much  larger 
in  the  brain,  and  the  interspaces  narrower,— namely,  not  more 


^^^ti  .:.\ 


-^^^ 


Fi«;.  138. 


Fisiat. 


1%.  1S8.— Network  of  capillar^-  vessels  of  the  nir-cellji  of  th«  bone't  luiiK  mAf^flcd.    a,  a, 
fttwlbs  prooHedliiff  from  b,  b^  termlaal  branches  of  th«?  pulnjouarx  ait#i*y<   (Trey  ) 
Hr.  lA.— Iniected  capillary  vemelB  of  mii«ci«  aeea  with  a  low  muffiitfyiiigf  power,     r  Sharpey.) 

three  or  four  times  wider  than  the  vessels*  In  the  periosteum 
I  meshes  are  much  hirger.  In  the  cxternnl  coat  of  arteries,  the  width 
be  meshes  is  ten  times  that  of  the  vessels. 
It  may  be  held  as  a  general  rule,  that  the  more  active  the  functions 
[m  organ  are,  the  more  vascular  it  is.  Hence  the  narrowness  of  the 
ces  in  all  glandular  organs,  in  mucous  membranes,  and  in  grow- 
f  parts;  their  much  greater  widtb  in  hones,  ligaments,  and  other  very 
Srh  «nd  comparatively  inactive  tissues;  and  the  usually  complete 
Boe  of  vessels  in  cartilage,  and  such  parts  as  those  in  which,  proba- 
,  very  little  vital  change  occurs  after  they  are  once  formed. 
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The  Veins. 


Distribution. — The  venoas  system  begins  in  small  vessels  which  an 
slightly  larger  than  the  capillaries  from  which  they  spring.  Theii 
vessels  are  gathered  up  into  larger  and  larger  trunks  nntil  they  termi- 
nate (as  regards  the  systemic  circulation)  in  the  two  vensB  cavse  and  tha 
coronary  veins,  which  enter  the  right  auricle,  and  (as  regards  the  pul- 
monary circulation)  in  four  pulmonary  veins,  which  enter  the  left 
auricle.    The  total  capacity  of  the  veins  diminishes  as  they  approach 


Fip.  1«0.— Tran«venw»  nection  through  a  small  ntierj  wnl  rnio  of  th«  mucous  i 
child*8  epiglottis :  the  arl«ry  in  thick-walled  and  I  he  vein  dim  w&UM  a.  Artery,  T 
in  the  hiiuen  of  the  v<*tjsel.    e.  Endothelial  cells  with  uurl^^i  clearly  fitlble  ^  tbett 
thick  from  the  contracted  state  of  the  vemeK    OuteUiM  it  a  double  wvvj  tlM      __  ^ 
tunica  intiina.    m.  Tunica  nieiiia  contusting  of  unfit  ripe*  1  mu^iUar  ^hrm  clrcttljuil  mtamgfi^'  ^ 
nuclei  are  well  Keen.    <i.  Part  of  the  tunica  advenrltin  Hhiiwinie  bundtea  of  &oDiiecdtr#^ifeMW  jT' 
section,  with  the  circular  niidfi  of  the  connectivf^-tiHsuti  corpuecli^    Tbtfr  ooat  ^raduaUT  e 
into  the  surrounding  conno«:ttive-tissue.    v.  In  the  lumen  of  the  vein.    The  other  J*-Her*  inmcite  flfc 
same  as  in  the  artery.    The  muscular  coat  of  thu  vein  {m}  is  seen  to  be  much  thiaocr  Ltuts  th^^  ^^ 
the  artery,    x  350.    (Klein  and  Noble  Smith.) 

the  heart;  but,  as  a  rule,  their  capacity  eiceeds  by  twice  or  three  time* 
that  of  their  corresponding  arteries.  The  pulmonary  veiDS^  hoiirei»tr^ 
are  an  exception  to  this  rule,  as  they  do  not  exceed  in  capacity  the 
monary  arteries.  The  veins  are  found  after  death  more  or  less  colkp 
and  often  contain  blood.  They  arc  usually  distributed  in  a  superfid^ 
and  a  deep  set  which  communicate  frequently  in  their  course. 

Structure, — In  structure  the  coats  of  veins  bear  a  general  resemblsoo^ 
to  those  of  arteries  (fig.  160).  Thus,  they  possess  outer,  middle,  snd 
internal  coats. 

The  outer  coat   is   constructed  of  areolar  tissue  like  that  of  thl 
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lories,  but  is  tbicker.     In  some  veins  it  contains  muscular  fibre-cells, 
lich  are  arranged  longitudinally. 
The  middle  coat  is  considerably  thinner  than  that  of  the  arteries;  it 
itains  circular  unstriped  muscuhir  fibres,  mingled  with  a  large  pro- 


Itl ,— Diairnnn  showliiir  valv^^is  of  irehi.H  a»  part  of  a  vein  laid  opf* a  aod  spread  out,  with  two 
r  Tilres.  B,  lanjcitiuliiml  section  of  a  vdn,  Btiowiufr  the  appositiou  of  the  ecUras  of  tta©  T&lve« 
r  ckwed  st«t«.    c  portion  of  a.  dfatenUiect  vein,  exliaiUio^  a  sweliing  in  the  flltuatloii  of  a  pair 

N>riion  of  yellow  elastic  and  white  fibrous  tissue.  In  the  large  veins, 
the  hearty  namely  the  I'enw  ravw  and  pulmonary  veins,  the  middle 
is  replaced,  for  some  distance  from  the  heart,  by  circularly  arranged 

itxiped  muscular  fibres,  continuous  with  those  of  the  auricles. 


uw. 


9%  lfll.<-At  vein  with  vaWes  •»r»'n.    b,  v<l'^Iq  with  vjil^ws  doM^'^cl: 


stream  of  blood  pa$8in^  off  by 


The  internal  coat  of  veins  consists  of  a  fenestrated  membrane,  which 
be  absent  in  the  smaller  ones,  lined  by  eodutbelium. 
halves. — Tho  chief  infiuenoe  which  tlio  veins  have  in  the  circula- 

D»  is  effected  with  the  help  of  the  valves,  contained  in  all  veins  sub- 
ia  local  preeeure  from  the  muscles  between  or  near  which  tbey  run. 
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The  general  construction  of  these  valves  is  Bimtlar  to  that  ol 
lunar  valves  of  the  aorta  and  pulmonary  artery,  already  desci 
their  free  nitirgiiis  are  turned  in  the  opposite  direction,  i,  «.,  I 
heart,  so  as  to  prevent  any  movement  of  blood  backward. 
commonly  placed  in  pairs,  at  various  distances  in  different 
almost  uniformly  in  each  (fig.  ICl).  In  the  smaller  veins  sin 
are  often  met  with;  and  three  or  four  are  sometimes  placed  td 
near  one  another,  in  the  largest  veins» 
such  as  t]ie  subelavian,  and  at  their  junc- 
tion with  the  jugular  veins.  The  valves 
are  semilunar;  the  unattached  edge  be- 
ing in  some  examples  concave,  in  others 
straight.  They  are  composed  of  inexten- 
sile  fibrous  tissue,  and  are  covered  with 
endothelium  like  that  lining  the  veins. 
During  the  period  of  their  inaction,  when 
the  venous  bkiod  in  flowing  in  its  proper 
direction,  they  lie  by  the  sides  of  the  veins; 
but  when  in  action,  they  come  together 
like  the  valves  of  the  jirtcries  (figB.  lf>l  and 
162).  Their  situation  in  the  superficial 
veins  of  the  forearm  is  readily  discovered 
by  pressing  along  its  surface,  in  a  direc* 
tion  opposite  to  the  venous  current,  ».e,, 
from  the  elbow  toward  the  wrist;  when 
little  swellings  {fig.  161,  r)  appear  in  the 
position  of  each  pair  of  valves.  These 
swellings  at  once  disappear  when  the  pres* 
sure  is  removed. 

Valves  are  not  equally  numerous  in  all 
veins,  and  in  many  they  are  absent  al- 
together. They  are  most  numerous  in 
the  veins  of  the  extremities,  and  more 
so  in  those  of  the  leg  than  the  arm.  They  are  oomm 
veins  of  less  than  a  line  in  diameter,  and,  as  a  genenil 
are  few  or  none  in  those  which  are  not  subject  to  muscn 
sure.  Among  those  veins  which  have  no  valves  may  be  menti 
superior  and  inferior  vena  cava,  the  trunk  and  branches  of  tj 
vein,  the  hepatic  and  renal  veins,  and  the  pulmonary  veins;  tbj 
interior  of  the  cranium  and  vertebral  column,  those  of  the  b( 
the  trunk  and  branches  of  the  umbilical  vein  are  also  destitute  < 

Lf/mphaiies  of  ArleriBs  and  Veins. — Lymphatic  spaces  all 
in  the  coats  of  both  arteries  and  veins;  but  in  the  tunica  adv< 
external  coat  of  large  vessels  they  form  a  distinct  plexus  of 


Fig.  Ua.— SurfHce  ^ 
from  tho  mt^»enl<?ry 
aheathed  In  a  perivi 
vemel.   a.  The  arterv,  mr 
musetiLar  coat  Cmcdl&> 
brcwJp  trAiiJivem*  mArl 
iQdlcation  of  the  adyfl 
I  Lympbailc  vessel. 
pleeDdotheliol  memb 
Noble  Smith. 
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tDbulai'  vessels.     In  smaller  veaaels  tliey  appear  as  einous  spaces  lined 

h  endothelium.  Sometimes,  as  in  the  arteries  of  the  omentum,  mesen- 
burf^and  membranes  of  the  brain,  in  the  pulmonary,  hepatic,  and  splenic 
f  vteiies,  the  spaces  are  continuous  with  vessels  which  distinctly  euaheath 

iktm— perivascular  lymphatic  sheaika  (fig,  103).     Lymph  chanuels  are 

aid  to  be  present  also  iu  the  tunica  media. 


The  Action  of  the  Heart. 

Th©  hearths  action  in  propelling  the  blood  consists  in  the  successive 
ilkmste  contraction  (systole)  and  relaxation  (diastole)  of  the  mus- 
esjftr  Walls  of  its  two  auricles  and  two  ventricles. 

Action  of  the  Auricles.— The  description  of  the  action  of  the 
be*n  Bttijr  be  commenced  at  that  period  in  each  cycle  which  imrae- 
<^des  the  beat  of  the  heart  against  the  chest  wall.  The  whole 
u  in  a  passive  state;  tiiie  auricles  are  gradually  filling  with 
MuutI  flowing  into  them  from  the  veins;  and  a  portion  of  this  blood  is 
Dgal  once  through  them  into  the  ventricles,  the  opening  between 
iTJtv  of  each  auricle  and  that  of  its  correspond! ug  ventricle  being, 
\lg  all  the  pause,  free  and  patent.  The  auricles,  however,  receiving 
» blood  than  at  once  passes  through  them  to  the  ventricles,  become, 
Ub<*  e?ul  of  the  pause,  fully  distended;  and  at  the  end  of  the  pause, 
t  and  expel  their  contents  into  the  ventriclea. 
^'iijt-  ....-xi traction  of  the  auricles  is  sudden  and  very  quick;  it  coin- 
m«iic»«t  the  entrance  of  the  great  veins  into  them,  and  is  thence  prop- 
^atvd  toward  the  auricolo-ventricnlar  openini;,  forcing  the  contained 
«Aiod  into  the  ventricle.  The  reflux  of  blood  into  tlio  great  veins  dur- 
irjg  the  auricular  systole  is  resisted  not  only  by  the  mass  of  blood 
•itbin  them,  but  also  by  the  simultaiieoua  contraction  of  the  mua- 
I  caUr  coata  with  which  the  large  veins  are  provided  near  their  en- 
[iitiDce  into  the  auricles.  Any  slight  regurgitation  from  the  right  auri- 
\n  limited  by  the  valves  at  the  junction  of  the  subclavian  and  internal 
alar  veins,  beyond  which  the  blood  cannot  move  backward;  and  the 
fcofonary  rein  is  preserved  from  it  by  a  valve  at  its  month. 

The  force  of  the  blood  propelled  into  the  ventricle  at  each  auricular 
Imtole  is  transmitted  in  all  directions,  but  being  insufficient  to  open  the 
atlanar  valves,  it  is  expended  in  distending  the  ventricle. 
Action  of  the  Ventricles. — The  dilatation  of  the  ventricles  which 
ceedfi  during  the  chief  part  of  the  dilatation  of  the  auricles  is  com- 
peted by  the  forcible  injection  of  the  contents  of  the  latter.     Thus 
ended,  the  ventricles  immediately  contract:  so  immediately,  indeed, 
their  systole  looks  as  if  it  were  continuous  with  that  of  the  auri- 
The  ventricles  contract  much  more  slowly  than  the  auricles,  and 
their   contraction   probably   always    thoroughly   empty  themselves, 
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differing  in  this  respect  from  tlio  auricles,  in  which,  even  after  tbair 
complete  contraction,  a  small  quantity  of  blood  remains.  The  shape  ol 
both  ventricles  during  systole  undergoes  an  alteration  when  the  chest  w 
opened,  the  diameter  in  the  plane  of  the  base  being  diminished,  bnttkf 
length  of  the  heart  as  a  Avholo  is  not  altered  (Ludwig).  Ilaycraft  staiii' 
that  the  heart  undergoes  no  change  of  shape  in  the  unopened  cheiL 
During  the  systole  of  the  ventricles,  too,  the  aorta  and  pulmomuy 
artery,  being  filled  with  blood  by  the  force  of  the  ventricular  ae- 
tion  against  considerable  resistance,  elongate  as  well  as  expand,  ufl 
the  whole  heart  moves  slightly  toward  the  right  and  forward,  twisting 
on  its  long  axis,  and  ex])osing  more  of  the  left  ventricle  anteriorly  thifl 
is  usually  in  front.  Wlien  the  systole  ends  the  heart  resumes  its  foniNB 
position,  rotating  to  the  left  again  as  the  aorta  and  pulmonary  artaiy 
contract.  After  the  whole  of  the  blood  has  been  expelled  from  tha 
ventricles,  the  walls  are  believed  to  remain  contracted  for  a  short  period 
before  the  rapid  re-dihitiition  of  the  chambers  begin. 

Action  of  the  Valves. — (1)  The  Aitn'cuIo-VenMcuIar. — The  di»- 
tention  of  the  ventricles  with  blood  continues  throughout  the  wholfl 
period  of  their  diastole.  The  auriculo-ventricular  valves  are  gradual^ 
brought  into  i)lace  by  some  of  the  blood  getting  behind  the  cusps  aoA 
forcing  them  up;  and  by  tlio  time  that  tlie  diastole  is  complete,  tli0 
valves  are  no  doubt  in  apposition,  the  completion  of  this  being  bronghfe 
about  by  the  reflux  current  caused  l)y  the  systole  of  the  auricles.  This 
elevation  of  the  auriculo-ventricular  valves  is  materially  aided  byths 
action  of  the  elastic  tissue  which  has  been  shown  to  exist  so  largely  i& 
their  structure,  especially  on  the  ventricular  surface.  At  any  rate  afe 
the  commencemetit  of  the  ventri(;ular  systole  they  are  completely  cloMcL 
It  should  be  recollected  that  the  dimitiutiou  in  the  breadth  of  the  bMi 
of  the  heart  in  its  transverse  diameters  during  ventricular  systole  h 
especially  marked  in  the  neighborhood  of  the  auriculo-ventricular  ringl^ 
and  this  aids  in  rendering  the  auriculo-ventricular  valves  competent  M 
close  the  openings,  by  greatly  diminishing  their  diameter.  The  mar- 
gins of  the  cusps  of  the  valves  are  still  more  secured  in  apposition  witk 
another,  by  tiie  simultaneous  contraction  of  the  musculi  papillareib 
whose  chorda3  tendineae  have  a  special  mode  of  attachment  for  this 
object.  The  cusps  of  the  auriculo-ventricular  valves  meet  not  by  their 
edges  only,  but  by  the  opposed  surfaces  of  their  thin  outer  borders. 

The  form  and  position  of  the  fleshy  columns  on  the  internal  walls  ol 
the  ventricle  no  doubt  help  to  produce  the  obliteration  of  the  ventricik 
lar  cavity  during  contraction;  and  the  completeness  of  the  closure  ma) 
often  be  observed  on  making  a  transverse  section  of  a  heart  ahortt) 
after  death,  in  any  case  in  which  ?'i(/()r  mortis  is  very  marked  (fig.  149) 
In  such  a  case  only  a  central  fissure  may  be  discernible  to  the  eye  in  Ut 
place  of  the  cavity  of  each  ventricle. 
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li  there  vera  only  circular  fibres  forming  tlie  ventricular  wall,  it  is 

ent  that  on  systole  the  ventricle  would  elongate;  if  there  were  only 

gitudinal  tibres,  the  ventricle  would  shorten  on  aystole;  but  there 

both.     The  tendency  to  alter  in  length  is  thus   eaunterbaknced, 

the  whole  force  of  the  contraction  is  expended  in  diminishing  the 

tirity  of  the  ventricle;  or,  in  other  words,  in  expelhng  its  contents. 

On  the  concluBion  of  the  systole  the  ventriculur  walls  tend  to  expand 
iy  virtue  of  their  ditsticity^  luid  a  negative  presBure  is  set  up,  which 
ttftds  to  sock  in  the  blood.  This  negative  or  snctional  pressure  on  the 
Mlddeof  the  heart  is  of  the  highest  importance  in  helping  the  pnl- 
mnnrj  circulation.  It  has  been  found  to  be  equal  to  23  mm.  of  mer- 
«ry,and  is  quite  independent  of  the  aspiration  or  suction  power  of  the 
itaelf,  which  will  be  described  in  a  later  chapter, 
'be  muscuH  papillares  prevent  the  auriculo-ventrieular  valves  from 
everted  into  the  auricle.  For  the  chordae  temliueic  might  allow 
[values  to  be  pressed  back  into  the  auricle,  were  it  not  that  when  the 
of  the  ventricle  is  brought  by  its  contraction  nearer  the  anriculo- 
itricalar  orifice^  the  musculi  papillarca  more  than  compensate  for  this 
Ij  their  own  contraction — holding  the  chords  tight,  and,  by  pulling 
down  the  valvae,  adding  slightly  to  the  force  with  which  the  blood  is 
fipelled. 

These  statements  apply  equally  to  the  auriculo-ventrieular  valves  on 
hthiides  of  the  heart;  the  closure  of  both  is  generally  complete  every 
tbe  the  ventricles  contract.  But  in  some  circumstancos  the  tricuspid 
Ulre  does  not  completely  close,  and  a  et^rtain  quantity  of  nlood  is 
bmd  back  into  the  auricle.  This  has  been  called  the  sfjjei  if- valve  act  ion. 
The  circumstances  in  which  it  usuzdly  happens  are  those  in  which  the 
»w?eh  of  the  lung  are  already  completely  full  when  the  riglit  ventricle 
f\g,f  in  certain  pulmonary  diseases,  in  very  active  exertions, 
«r.  uj  vjt-ui  efforts.  In  these  cases,  the  tricuspid  valve  does  not  com- 
flet^ly  close,  and  the  regurgitation  of  the  blood  may  be  indicated  by  a 
jwhaition  in  the  jugular  veins  synchronous  with  that  in  the  carotid 
Irteries. 

(2.)  77ie  Sttmhinar, — It  has  been  shown  that  the  commencement  of 

Kentricularsystoio precedes  the  opening  of  the  eemiliinar  valves  by  a 
ion  of  a  second.  This  would  seem  to  show  that  the  intraventricular 
iTOBSure  does  not  exceed  the  arterial  pressure  until  the  systole  has  actually 
«|aD,  for  the  opening  of  the  valves  takes  place  at  once  when  there  is  a 
iilbct  difference  in  favor  of  the  intraventricular  over  the  arterial  iness- 
re,  and  continuea  open  only  as  long  aa  this  difference  continues.  When 
ke  arterial  begins  to  exceed  the  intraventricular  pressure,  there  is,  as  it 
ere,  a  reflux  of  blood  toward  the  heart,  and  the  valves  close.  The  dili'- 
Hion  of  the  arteries  is,  in  a  peculiar  manner,  adapted  to  bring  thisaboui. 


I 


192  HAKDBOOK  OF  PHT8I0L00T. 

The  lower  borders  of  the  semilunar  valves  are  attached  to  the  inu^j 
surface  of  the  tendinous  ring,  which  is,  as  it  were,  inlaid  at  the  ori 
of  the  artery^  between  the  muscular   fibres  of   the  ventricle  and 
elastic  fibres  of  the  walls  of  the  artery.    The  tissue  of  this  ring  is  too 
and  does  not  admit  of  extension  under  such  pressure  as  it  is  commo 
exposed  to;  the  valves  are  equally  inextensile,  being,  as  already 
tionedy  formed   mainly  of  tough,  close-textured,  fibrous  tissue, 
strong  interwoven  cords.     Hence,  when  the  ventricle  propels 
through  the  orifice  and  into  the  canal  of  the  artery,  the  lateral  pr 
which  it  exercises  is  sufficient  to  dilate  the  walls  of  the  artery,  bati 
enough  to  stretch  in  an  equal  degree,  if  at  all,  the  unyielding  valves  i 
the  ring  to  which  their  lower  borders  are  attached.    The  effect, 
fore,  ef  each  such  propulsion  of  blood  from  the  ventricle  is,  that  1 
wall  of  the  first  portion  of  the  artery  is  dilated  into  three  pouches  ] 


Fiff.  IM.— Sections  of  aorta,  to  show  the  action  of  the  semilunar  valTea.    a  Is _^ 

the  valves,  represented  by  the  dotted  lines,  lyings  near  the  arterial  walls,  repreteoted  1^  the  ooillBe 
uous  outer  line,  b  (after  Hunter)  shows  tiie  arterial  wall  distended  into  three  pouoMi  (aXM 
drawn  away  from  the  valves,  which  are  straightened  into  the  form  of  an  equUatenl  triuvt V 
represented  by  the  dotted  lines. 

the  valves,  while  the  free  margins  of  the  valves  are  drawn  inward  towilfl 
its  centre  (fig.  164,  «).  Their  positions  may  be  explained  by  the  dii^ 
grams,  in  which  the  continuous  lines  represent  a  transverse  section  ol 
the  iirterial  walls,  the  dotted  ones  the  edges  of  the  valves,  firstly,  whsB 
the  valves  are  nearest  to  the  walls  (a),  as  in  the  dead  heart,  and,  i 
ondly,  when,  the  walls  being  dilated,  the  valves  are  drawn  away  froi 
them  (b). 

This  position  of  the  valves  and  arterial  walls  is  retained  so  long  i 
the  ventricle  continues  in  contraction:  but  as  soon  as  it  relaxes, and  J 
dilated  arterial  walls  can  recoil  by  their  elasticity,  the  blood  is  for 
backward  toward  the  ventricles  and  onward  in  the  course  of  the  < 
lation.     Part  of  the  blood  thus  forced  back  lies  in  the  pouches  (sinn 
of  Valsalva)  {a,  fig.  164.  b)  between  the  valves  and  the  arterial 
and  the  valves  are  by  it  pressed  together  till  their  thin  luuated  ma 
meet  in  three  lines  radiating  from  the  centre  to  the  circumferenoe  i 
the  artery  (7  and  8,  fig.  148). 

The  contact  of  the  valves  in  this  position  and  the  complete  closoit 
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the  arterial  orifice  are  gecured  by  the  peculiar  conatmotion  of  their 
iers  before  mentioned*  AraoDg  the  cords  which  are  interwoven  in 
subetanoe  of  the  valve  are  two  of  greater  strength  and  prominence 
the  rest;  of  which  one  extends  along  the  free  border  of  each  valve, 
the  other  forms  a  double  curve  or  festoon  Just  below  the  free 
BT.  Each  of  these  cords  is  attached  by  its  outer  extremities  to  the 
jfQter  end  of  the  free  margin  of  its  valve^  and  in  the  middle  to  the 
nrpiis  Arantii;  they  thus  enclose  a  lunated  space  from  a  line  to  a  line 
pud  a  half  in  width,  in  which  space  the  substance  of  the  valve  is  much 
ner  and  more  pliant  than  else  where.  When  the  valves  are  pressed 
L,  all  these  parts  or  spaces  of  their  surfaces  come  into  contact,  and 
closure  of  the  arterial  orifice  is  thus  secured  by  the  apposition  not 
the  mere  edges  of  the  valves,  but  of  all  those  thin  lunated  parts  of 
which  lie  between  the  free  edges  and  the  cords  next  below  them, 
parta  are  firmly  pressed  together,  and  the  greater  the  pressure 
falls  on  them  the  closer  and  more  secure  is  their  apposition.  The 
ra  Arantii  meet  at  the  centre  of  the  arterial  orifice  when  the  valves 
down*  and  they  probably  assist  in  the  closure;  but  they  are  not 
itial  to  it,  for,  not  unfrequently,  they  are  wanting  in  the  valves  of 
pulmonary  artery,  which  are  then  extended  in  larger,  thin,  flapping 
'ns.  In  valves  of  this  form,  also,  the  inlaid  cords  are  less  distinct 
in  those  with  corpora  Arantii;  yet  the  closure  by  contact  of  their 

is  not  less  secure* 
*ardiac  Cycle» — Taking  72  as  the  average  number  of  cardiac  evolu- 
per  minute,  each  revolution  may  be  considered  to  occupy  J  of  a 
lecond,  or  about  •S,  which  may  be  approximately  distributed  in  the 
following  way: — 


it 


Auricular  diastole    , 
Ventricular  diastole 


Aaricul&r  systole,  about 
VeDtricular  ayetole    ** 
Beriod  of  joint  auricular 
and  ventricular  diastole  .4  +  Period  of  syetole  of 

auricles  or  ventricleB 


.7-, 8 
.6  =  . 8 


.4^.8 


If  the  speed  of  the  heart  be  quickened,  the  time  occupied  by  each 
cwdiac  revolution  is  of  course  diminished,  but  the  diminution  affects 
Duly  the  diastole  and  pause.  The  systole  of  the  ventricles  occupies  very 
Bach  the  same  time,  whatever  the  pulse-rate. 

The  exact  period  in  which  tlie  several  valves  of  the  heart  are  in 
0tion  ia  a  matter  of  some  uncertainty;  the  uuriculo- ventricular  valves 

probably  closed  during  the  whole  time  of  the  ventricular  contrac- 
while,  during  the  dilatation  and  distention  of  the  ventricles,  they 
n  open.  The  semilunar  valves  are  only  certainly  open  during  the 
kiddle  period  of  the  ventricular  contraction. 
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The  Sounds  of  the  Heart 

When  the  ear  is  placed  over  the  region  of  the  heart,  two  mmnds  m 
he  heard  at  every  beat  of  the  heart,  which  follow  in  quick  snooeaaii 
and  are  succeeded  by  a  pause  or  period  of  silenoe.  The  Jirst  sosali 
dull  and  prolonged;  its  commencement  coincides  with  the  impnlMi 
the  heart  against  the  chest  wall,  and  just  precedes  the  pulse  at  thewij| 
The  second  is  shorter  and  sharper,  with  a  somewhat  flapping  eharuli 
and  follows  close  after  the  arterial  pulse.  The  periods  of  time  occnpii 
respectively  by  the  two  sounds  taken  together  and  by  the  pause  betww 
the  second  and  the  first,  are  unequal.  According  to  Foster,  the  intervi 
of  time  between  the  beginning  of  the  first  sound  and  the  second  soaa 
is  .3  second,  while  between  the  second  and  the  succeeding  first  iti 
nearly  .5  (see  fig.  165).  The  relative  length  of  time  occupied  by  aid 
sound,  as  compared  with  the  other,  may  be  best  appreciated  by  con 
ing  the  dilTerent  forces  concerned  in  the  production  of  the  two  i 
In  one  case  there  is  a  strong,  comparatively  slow,  contraction  of  a  ! 
mass  of  muscular  fibres,  urging  forward  a  certain  quantity  of 
against  considerable  resistance;  while  in  the  other  it  is  a  strong  I 
shorter  and  sharper  recoil  of  the  elastic  coat  of  the  large  arterie 
because  there  is  no  resistance  to  the  fiapping  back  of  the  semilunars 
as  there  was  to  their  opening.  The  sounds  may  be  expressed  byi 
words  hlbb — diip. 

The  events  which  correspond,  in  point  of  time,  with  the^r^^  sonnj 
arc  (1)  the  contraction  of  the  ventricles,  (2)  the  first  part  of  the  dikfl 
tion  of  the  auricles,  (3)  the  tension  of  the  auriculo- ventricular  Yiim 
(4)  the  opening  of  the  semilunar  valves,  and  (5)  the  propulsion  of  bloo 
into  the  arteries.  The  sound  is  succeeded,  in  about  one-thirtieth  of 
second,  by  the  pulsation  of  the  facial  arteries,  and  in  about  one-sixth  6 
a  second,  by  the  pulsation  of  the  arteries  at  the  wrist.  The  second  soniu 
in  point  of  time,  immediately  follows  the  cessation  of  the  yentricoli 
contraction,  and  corresponds  with  (a)  the  tension  of  the  BemilniM 
valves,  (6)  the  continued  dilatation  of  the  auricles,  (c)  the  commenoil 
dilatation  of  the  ventricles,  and  (d)  the  opening  of  the  auriculo-Tentil 
ular  valves.  The  pause  immediately  follows  the  second  sound.  Hi 
corresponds  in  its  first  part  with  the  completed  distention  of  the  Ml 
clcs,  and  in  its  second  with  their  contraction,  and  the  completed  distal 
tion  of  the  ventricles;  the  auriculo- ventricular  valves  being  all  the  ti^ 
of  the  pause  open,  and  the  arterial  valves  closed.  J 

Causes. —The  exact  cause  of  the  first  sound  of  the  heart  iB  ajj 
known.  Two  factors  probably  enter  into  it,  viz.,  firstly  the  viiralU{ 
of  the  auriculO'Ventricular  valves  and  of  the  chordsB  tendinee.  Tti 
vibration  is  produced  by  the  increased  intraventricular  pressure  set  4 
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itricnlar  gystol©  oomme&ceB^  which  puts  the  valves  on  the 
The  qaestion  whether  this  eti etched  condition  of  the  valve 
OB  throughout  the  whole  of  the  ventricular  systole  cannot  be 
ly  settled,  but  if  it  does  not,  the  vulvular  element  may  possibly 
rt  in  the  production  of  the  first  part  of  the  first  sound  only.  It 
nlikely  too  that  the  vibration  of  the  ventricular  walls  themselves, 
1  aorta  and  pulmonary  artery,  all  of  which  parts  are  suddenly 


tMPUlSE 


■L—JXacj&atmatlo  represeAtation  of  the  evt^nts  of  the  cardiac  cycle.     For^Tetitf  which 
■aaencei,  r*»4Ml  In  the  direct  ion  of  the  curved  arrow;  for  synchroDQim  evcotA,  read  from 
» thi9  periphery  iu  ftwy  direction .    (Colemnn  ) 

[^  state  of  tension  at  the  moment  of  ventricular  contraction, 
some  part  in  producing  the  first  sound.  Secondly,  ihe  tmis- 
%d  produced  by  contmetion  of  the  mass  of  muscular  fibres 
the  ventricle.  Looking  upon  the  contraction  of  tlie  heart 
gle  contraction  and  not  as  a  series  of  contractions  or  tetanns,  it 
si  sight  difficult  to  see  why  there  should  be  any  muscular  sound 
hen  the  heart  contracts,  ae  contraction  of  a  single  muscle  docs 
doce  sound.  It  has  been  suggested,  however,  that  it  arises  from 
Bfttdd  unequal  tension  produced  when  the  wave  of  muscular  con- 
\  passes  along  the  very  intricately  arranged  fibres  of  the  ventric- 
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alar  walls.     The  valvular  element  is  probably  the  more  imporiuit 
the  two  factors. 

The  cause  of  the  second  sound  is  more  simple  than  that  of  the 
It  is  entirely  due  to  the  vibration  consequent  on  the  sudden  doiuiil 
the  semilunar  valves  when  they  are  pressed  down  across  the  orifiM 
the  aorta  and  pulmonary  artery.  The  influence  of  these  valves  in 
ducing  the  sound  was  first  demonstrated  by  Hope  who  ezperimeDl 
with  the  hearts  of  calves.  In  these  experiments  two  delicate  can 
needles  were  inserted^  one  into  the  aorta,  and  another  into  the  pub 
nary  artery,  below  the  line  of  attachment  of  the  semilunar  valves,  u 
after  being  carried  upward  about  half  an  inch,  were  brought  out  if 
through  the  coats  of  the  respective  vessels,  so  that  in  each  vessel  I 
valve  was  included  between  the  arterial  walls  and  the  wire.  Uponi 
plying  the  stethoscope  to  the  vessels,  after  such  an  operation,  the 
sound  had  ceased  to  be  audible.  Disease  of  these  valves,  when  sufBdl 
to  interfere  with  their  efficient  action,  also  demonstrates  the  same 
by  modifying  the  valvular  cause  of  the  second  sound  or  destroying 
distinctness. 

One  reason  that  the  second  sound  is  clearer  and  sharper  than  the 
may  be,  that  the  semilunar  valves  are  not  covered  in  by  the  thick  Ii{ 
of  fibres  composing  the  walls  of  the  heart  to  such  an  extent  as  azel 
auriculo-ventricular.  It  might  be  expected  therefore  that  their 
tion  would  be  more  easily  heard  by  means  of  a  stethoscope  ap] 
the  walls  of  the  chest. 

The  contraction  of  the  auricles  which  takes  place  in  the  end  of 
pause  is  inaudible  outside  the  chest,  but  is  said  to  be  heard,  when 
heart  is  exposed  and  the  stethoscope  placed  on  it,  as  a  slight  sound 
ceding  and  continued  into  the  louder  sound  of  the  ventricular  contnij 
tion. 

The  Impulse  of  the  Heart. 

With  each  contraction  the  heart  may  be  felt  to  beat  with  a  i 
shock  or  impulse  against  the  walls  of  the  chest.     The  force  of  the  J 
pulse  and  the  extent  to  which  it  may  be  perceived  beyond  this 
vary  considerably  in  difTerent  individuals,  and  in  the  same  indiv 
under  different  circumstances.    It  is  felt  more  distinctly,  and 
larger  extent  of  surface,  in  emaciated  than  in  fat  and  robust 
and  more  during  a  forced  expiration  than  in  a  deep  inspiration; 
the  one  case,  the  intervention  of  a  thick  layer  of  fat  or  muscle 
the  heart  and  the  surface  of  the  chest,  and  in  the  other  the  inflati 
the  portion  of  lung  which  overlaps  the  heart,  prevents  the  impulse  i 
being  fully  transmitted  to  the  surface.    An  excited  action  of  the  1 


Rystole  the  apex  of  the  heart  iseituated  upon  the  diaphragm  and 
it  the  chest-wall  io  the  fifth  intercostal  space.  When  the  ventri- 
ontractf  their  walls  become  hard  and  tense,  since  to  expel  their 
lU  into  the  arteries  ia  a  distinctly  lahorioiis  action,  m  it  is  resisted 

Serew  to  refaiiate  eleratUjn  of  lorer. 


Tympanum, 


iTory     Tai>e  to  ftttseh  lh»  i  natrumflot 
knob.  (4>  ttiii  cheMi. 


n^.  I66.^;:ardiogr&ph.    (SaDdersoQ^) 


Tamboiir.  Tube  to  cardlotcpaph, 

t1if.—ll«f^"» Tambour,  to  which  the  movement  of  the  column  of  air  In  tli«  (Imt  tympamim 
med  bj  ft  tube,  A&d  from  which  It  La  coirirjiuniciit^Ht  hy  ttie  lever  to  a  revolvlog  cylinder,  to 
m^taf  of  Uie  moTemeDt  of  the  impulae  beat  ia  obtaioed. 

kdasticitj  of  the  vessels.  It  is  to  this  andden  hardening  that  the 
iMof  the  heart  against  the  chest-wall  ia  due,  and  the  shock  of  the 
k  tenaion  may  he  felt  not  only  externally,  but  also  internally,  if 
idomen  of  an  animal  he  opened  and  the  finger  be  placed  upon  the 
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under  surface  of  the  diaphragm,  at  a  poiut  oorreaponding  to  th 
surface  of  the  Tentricle.  The  shock  is  felt,  and  possibly  seen  m 
tinctly  because  of  the  partial  rotation  of  the  hearty  already  sp 
along  its  long  axis  toward  the  right.  The  movement  prodneed 
ventricular  contraction  against  the  chest- wall  may  be  registered  b 
of  an  instrument  called  the  cardiography  and  it  will  be  fdand  t 
spend  almost  exactly  with  a  tracing  obtained  by  the  aams  inii 
applied  over  the  contracting  ventricle  itself.  * 

The  Cardiograph  (fig.  166)  consists  of  a  cap-shaped  metal  box  over 
front  of  which  is  stretched  an  elastic  India-rubber  membrane,  upon 
fixed  a  small  knob  of  hard  wood  or  ivory.    This  knob,  howefvef »  nu 
tached,  as  in  the  figure,  to  the  side  of  the  box  by  in^iins  of  a  spring,  ; 
'  be  made  to  act  upon  a  metal  disc  attached  to  the  elastic  membrane. 

The  knob  is  for  application  to  the  chest-wall  over  the  place  of  l] 
est  impulse  of  the  heart.  The  box  or  tympaiucni  com mimi eaten  by  r 
an  air-tight  tube  with  the  interior  of  a  second  tyiiH^autiiti,  in  connect 
which  is  a  long  and  light  lever.  The  shock  of  the  hearths  iBpal 
communicated  to  the    ivory  knob,  and  through    it   to   the   flnst  tyn^si 


Fig.  107  ▲.  — Ottrdiofcram  of  Froir's  Heart,    c.  Tradng  of  auricular  and  Tentricular  ayito 

in  half  seconda. 

effect  is,  of  course,  at  once  transmitted  by  the  colmnn  of  air  in  the  ela 
to  the  interior  of  the  second  tympanum,  also  closed,  and  through  ti 
and  movable  lid  of  the  latter  to  the  lever,  which  is  placed  in  connect 
a  registering  apparatus.  This  generally  consists  of  a  cylinder  or  drun 
with  smoked  paper,  revolving  by  clock-work  with  a  definite  veloci 
point  of  the  lever  writes  upon  the  paper,  and  a  tracing  of  the  heart's 
or  cardiogram  is  thus  obtained. 


Endocardiac  Pressure. 


It  cannot  be  considered,  however,  that  the  cardiogram  re 
what  is  actually  occurring  within  the  heart  itself.  For  detei 
this,  communication  must  be  established  with  the  cavities  of  th< 
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r placing  three  small  India-rubber  air-baga  or  eardiae  sounds  in  the 

Irior respectively  of  tho  right  anricle  and  the  right  veutrickj  and  in 

ptercostal  space  in  front  of  the  heart  of  living  animala  (horsey  and 

these  bags,  by  means  of  long,  narrow  tubes,  in  comrannication 

\  levers,  arranged  one  over  the  other  in  connection  witli  a  reg- 


of  MM.  ChftDireau  and  M&nMr  for  esttmAtlnK  th«  Tarl&ttoELS  of  emcIocanlJiil 
preMiare,  and  t^iXMluctioa  of  iiii|mla«  <it  Ui&  Q«±tut. 


ing  apparatus  {^g,  168),  Chauveau  and  Marey  have  been  able  to  re* 
ADcl  mea^^nre  with  mnch  accuracy  the  variationa  of  tlie  endocardial 
nre  and  the  comparative  duration  of  the  contractions  of  the  auricles 
▼entriclea.  By  means  of  the  eanio  apparatiia,  the  eyiichroni«m  of 
impulse  with  t!ie  contraction  of  the  ventricles,  is  also  well  shown; 
the  causes  of  tbo  several  vibrations  of  which  it  is  really  composed, 
been  demonstrated. 

Q  the  tracing  (Gg.  1G9)»  the  intervals  between  tlie  vertical  lines  rep- 
il  periods  of  a  tenth  of  a  second.  Tlie  parts  on  which  any  given 
cal  lioe  falls  represent  simuitaneons  events.  It  will  be  seen  that 
DOQtractioQ  of  the  auricle,  indicated  by  the  marked  curve  at  A  in 

Ring,  causes  a  slight  increase  of  pressure  in  the  ventricle  which 
at  a'  In  the  second  tracing,  and  produces  also  a  slight  impulse, 
indicated  by  a'  in  the  third  tracing.  Tlie  closure  of  tlie  semi- 
r waives  causes  a  momentarily  increased  pressure  in  the  ventricle  at 
Sects  the  pressure  in  the  auricle  d,  and  is  also  shown  in  the  tracing 
e  imptilso  d'» 

Tie  large  curve  of  the  ventricular  and  the  impulse  tracings,  between 
d  D*,  and  a'  and  d%  are  caused  by  the  ventricular  contraction,  while 
imaller  tindulations,  between  b  and  c,  b'  and  c',  b'  and  c',  are 
d  by  the  vibrations  consequent  on  the  tightening  and  closure  of 
liriciilo-Teiitricular  valves, 

aeema  by  tio  means  certain  that  Jfarey^s  curves  properly  represent 
ttioii&  in  intraventricular  pressure.     Much  objection  has  been 


»00 


HANDBOOK   OP   PHTSIOLOQY, 


taken  to  his  method  of  mveetigaiioQ.  Firstly,  because  hiB  tamfai 
rangament  does  not  admit  of  both  positive  and  negatire  preasnro 
simnttaneoosly  recorded.  Secondly^  bectiuse  the  method  is  only  apf 
to  large  animiila,  such  as  the  horse.  And  thirdly,  because  the  inl 
tricular  changes  of  pressure  are  communicated  to  the  recording  ti 
by  a  long  elastic  column  of  air;  and  fourthly,  because  the  iamb 
rangement  has  a  tendency  to  record  inertia  vibrations,  H.  D.  Eol 
who  has  pointed  out  the  above  imperfections  of  Marey^'s  method,' 
investigated  the  subject  with  a  more  suitable  apparatus.     The  t 


fig.  t^H.—TrsctrasTB  of  ft),  Intra^ayrictilar,  and  (2>,  lptra.-yeBlrteuiar  prcMm m,  «sd  <9)«  d 
pulse  of  the  heart,  u>  be  read  from  left  to  right,  obtained  by  CJiau^eau  and  Mai^j^  app 

adopted  by  Rolleston  is  as  follows :  a  window  is  made  in  the  cl 
an  ansBsthetized  and  cnrarized  animal,  and  an  appropriately  cnrvei 
canula  introduced  through  an  opening  in  the  auricular  apf 
The  canula  is  then  passed  through  the  auriculo- ventricular  orifice 
out  caufling  any  appreciable  regurgitation,  into  the  auricle,  or  it  i 
introduced  into  the  cavity  of  the  right  or  left  ventricle  by  an  o] 
made  in  the  apex  of  the  he;xrt  In  some  experiments  the  trc 
pushed  through  the  chest  wall  into  the  ventricular  cavity.  The 
ratua  is  filled  with  a  solution  of  leech  extract  in  ,75  per  cent  sal] 
lutioD,  or  with  a  solution  of  sodium  bicarbonate  of  specific  gravitj 
The  animals  employed  were  chiefly  dogs.  The  movement  of  theo 
of  blood  is  communicated  to  the  writing  lever  by  means  of  a  vul 
piston  which  moves  with  little  friction  in  a  braas  tube  connectei 
the  glass  canula  by  means  of  a  short  connecting  tube. 

When  the  lower  part  of  the  tube  (a)  is  placed  in  communicatio 
one  of  the  cavities  of  the  heartj  the  movements  of  the  piston  I 
corded  by  means  of  the  lever  (c).  Attached  to  the  lever  is  a  sect 
a  pulley  (h),  the  axis  of  which  coincides  with  that  of  the  steel  i 
(e);  while>  firmly  fixed  to  the  piston,  is  the  curved  ateel  piston  ru 
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rlbe  top  of  which  a  itroog  silk  threud  (j)  passeB  downward  into  th« 
OTe  on  the  pulley. 

This  thread  {s),  after  being  twisted  Beveral  timed  round  a  email  pin 

be  side  of  the  lever,  enters  the  groove  in  the  pnlley  from  above  down- 

,  and  then  passes  to  be  fixed  to  the  lower  part  of  the  curve  on  the 

on-rod  as  shown  in  the  smaller  6^re, 

[  The  rise  and  fall  of  the  lever  (c)  is  controlled  by  the  reeistance  to 


^J^ 


9 


2i 


V% .  1?0.— AppRTfttUf  for  raoordifix  (be  otidocardial  preesiirfl.    (HoUettocL) 


don  of  the  steel  ribbon  (e),  to  the  middle  of  whi;jh  one  end  of  the 

is  securely  fixed  by  a  light  screw  clamp  (f).    At  some  distance 

this  clamp — the  distance  varying  with  the  degree  of  resistance 

it  is  desired  to  give  to  the  movements  of  the  lever — are  two  hold- 

\  (0.0')  which  securely  clamp  the  steel  ribbon. 

As  the  torsion  of  a  steel  wire  or  strip  follows  Hookers  law,  the  tor- 
being  proportional  to  the  twisting  force— the  movements  of  the 
'  point  are  proportional  to  the  force  employed  to  twist  the  steel  strip 
rnbbon — ^in  other  words  to  the  preeeuree  which  act  on  the  piston  (b). 
To  make  it  possible  to  record  satiBfactorily  the  very  varying  ventric- 
'and  aoricnlar  pressures,  the  resistance  to  torsion  ofaateel  ribbon 
"ptfl  itself  very  conveniently. 
This  resistance  can  be  varied  in  two  ways,  Ist,  hj  using  one  or  more 
I       388  of  steel  ribbon  or  by  using  strips  of  diSerent  thicknesses;  or  2d, 
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by  yarying  the  distance  between  the  holders  (g.g.)  and  the  central 
of  the  steel  ribbon  to  which  the  lever  is  attached. 

Bolleston's  conclusions  are  as  follows: — 

1.  That  there  is  no  distinct  and  separate  aaricnlar  contrac 


Figr.  171.— Endocardial  pressure  curve  from  the  left  Tentrkde.  The  thorax  was  opened  i 
caoula  introduced  throui^h  the  apex  of  the  ventriclf :  abecissa  la  line  of  atiuoepberic  prsMU 
to  D  represents  veutricular  contraction;  from  d  to  tiie  next  rise  at  o  represents  the  ventri 
diastole.  The  notch  at  the  top  of  which  is  r  is  a  post-ventricular  rise  in  preesure  fktNn  helm 
of  the  atmosphere  and  not  a  pre-^ystolic  or  auricular  rise  in  pressure. 

marked  in  the  curves  obtained  from  either  right  or  left  ventricles, 
auricular  and  ventricular  rises  of  pressure  being  merged  into  one  • 
tinuous  rise. 

2.  That  the  auriculo- ventricular  valves  are  closed  before  any  g 
rise  of  pressure  within  the  ventricle  above  that  which  results  from 
auricular  systole  (a,  fig.  172).     The  closure  of  the  valve  occurs  prob 


Fig.  178.— Curve  with  dicrotic  nummit  from  left  ventricle;  abscissa  shows  atmospheric  pre 


in  the  lower  third  of  the  rise  a  b  (fig.  172),  and  does  not  produce 
notch  or  wave. 

3.  That  the  semilunar  vulves  open  at  the  point  in  the  ventrii 
systole,  situated  (at  o)  about  or  a  little  above  the  junction  of  the 
dJe  or  upper  third  of  the  ascending  line  (a  b),  and  the  closure  abo 
a  little  before  the  shoulder  (d). 

4.  That  the  minimum  pressure  in  the  ventricle  may  fall  below 
of  the  atmosphere,  but  that  the  amount  varies  considerably. 
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Frequency  of  the  Heart's  Acttonp 

The  heart  of  a  healthy  adult  man  contracts  about  72  times  in  a 
Hinute;  but  many  circumstaiiceB  cause  this  rate,  which  of  course  cor- 
Mponds  with  that  of  the  arterial  pulse,  to  vary  even  in  health.  The 
chief  are  age,  temperament,  sex,  food  and  drink,  exercise,  time  of  day, 
ipostiire,  atmospheric  pressure,  temperature;  as  follows:— 

(h)  Affe, — The  frequency  of  the  heart's  action  gradually  diminishes 
feom  the  commencement  to  near  the  eod  of  life,  hut  is  said  to  rise 
Igun  somewhat  in  extreme  old  age,  thus: — 

Before  birth  the  average  number  of 

pulsations  per  miDufce  is    150 

Jttst  after  birth      .       from  140  to  130 

During  ttie  fiTBt  year             im  U>  115 

P"'^*       the     fieoood 

115  to  100 

the  third  year            100  to  m 

(tj  Temperatnent  and  Sex. — In  persons  of  sanguine  temperament, 
tifi heart  acts  somewhat  more  frequently  than  in  those  of  the  phleg- 
mUic;  and  in  the  female  sex  more  frequently  than  in  the  male. 

(3  and  4,)  Food  and  Drink,  Exercise. — After  a  meal  the  hearths 
iction  is  accelerated,  and  still  more  so  during  bodily  exertion  or  mental 
ttcitement;  it  is  slower  during  sleep* 

(5.)  Diurnal  Variation, — In  healtli  the  pulse  is  most  frequent  in  the 
ffioming,  and  becomes  gradually  slower  as  the  day  advances:  ikud.  this 
diminution  of  frequency  is  both  more  regular  and  more  rapid  in  the 
ereaing  than  in  the  morning. 

(6,)  Posture. — The  pulse,  as  a  genera!  rule,  especially  in  the  adult 
aule,  is  more  frequent  in  the  standing  than  in  the  sitting  posture,  and 

klhe  latter  than  in  the  recumbent  position;  the  difference  being 
Itest  between  the  standing  and  the  sitting  postures.  The  effect  of 
jlge  of  posture  is  greater  as  the  frequency  of  the  pulse  is  greater, 
,  accordingly,  is  more  marked  in  the  morning  than  in  the  eveninfr 
Bygapporting  the  body  in  different  positions,  without  the  aid  of  mam^ 
•calar  effort  of  the  individual,  it  has  been  proved  that  the  increased  frv 
mencj  of  the  pulse  in  the  sitting  and  standing  positions  is  depended 
bpon  the  muscular  exertion  engaged  in  maintaining  them;  the  usiuJ 
iffect  of  these  postures  on  the  pulse  being  almost  ent.ely  prevented 

I  hen  the  usually  attendant  muscular  exertion  was  rendered  unneces8ar3% 
(7.)  Atmospheric  Pressure.— Tha  frequency  of  the  pulse  increases  in 
oorr6q}onding  ratio  with  the  elevation  above  the  sea, 

(flu)  Temperature, — The  rapidity  and  force  of  the  heart's  contrac- 
iana  are  largely  influenced  by  variations  of  temperature.  The  frog's 
Imurt,  when  excised,  ceases  to  beat  if  the  temperature  be  reduced  to 
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0""  0.  (32''  F.).  When  heat  is  gradually  applied  to  it,  both  the  speed 
and  force  of  the  contractions  increase  till  they  reach  a  ynftTimi^fn.  If 
the  temperature  is  still  further  raised,  the  beats  become  irregular  and 
feeble,  and  the  heart  at  length  stands  still  in  a  condition  of  ''heat- 
rigor/'  Similar  effects  are  produced  in  warm-blooded  animals.  In  the 
rabbit,  the  number  of  heart-beats  is  more  than  doubled  when  the  tem- 
perature of  the  air  was  maintained  at  40''.5  G.  (lOS""  F.).  At  45""  G.  (113'' 
— 114''  F.)>  the  rabbit's  heart  ceases  to  beat. 

In  health  there  is  observed  a  nearly  uniform  relation  between  the 
frequency  of  the  beats  of  the  heart  and  of  the  respirations;  the  propor- 
tion being,  on  an  average,  1  respiration  to  3  or  4  beats.  The  same  relft- 
tion  is  generally  maintained  in  the  cases  in  which  the  action  of  the  heart 
is  naturally  accelerated,  as  after  food  or  exercise;  but  in  disease  thii 
relation  may  cease.  In  many  affections  accompanied  with  inoreaied 
frequency  of  the  heart's  contraction,  the  respiration  is,  indeed,  ilio 
accelerated,  yet  the  degree  of  its  acceleration  may  bear  no  definite  pro- 
portion to  the  increased  number  of  the  heart's  actions :  and  in  msny 
other  cases,  the  heart's  contraction  becomes  more  frequent  without  any 
accompanying  increase  in  the  number  of  respirations;  or,  the  respiratioQ 
alone  may  be  accelerated,  the  number  of  pulsations  remaining  station- 
ary, or  even  falling  below  the  ordinary  standard. 

The  Force  of  the  Cardiac  Action. 

(a.)  Ventricular. — The  force  of  the  left  ventricular  systole  is  more 
than  double  that  exerted  by  the  contraction  of  the  right  ventricle:  this 
difference  results  from  the  walls  of  the  left  ventricle  being  about  twic6 
or  three  times  as  thick  as  those  of  the  right.  And  the  difference  i^ 
adapted  to  the  greater  degree  of  resistance  which  the  left  ventricle  haH 
to  overcome,  compared  with  that  to  be  overcome  by  the  right:  th© 
former  having  to  propel  blood  through  every  part  of  the  body,  the  latter 
only  through  the  lungs.  The  actual  amount  of  the  intraventricular 
pressures  during  systole  in  the  dog  has  been  found  to  be  2.4  inches  (69 
mm.)  of  mercury  in  the  right  ventricle,  and  6  inches  (160  mm.)  in  tha 
left. 

During  diastole  there  is  in  the  right  ventricle  a  negative  or  suction 
pressure  of  about  f  of  an  inch  (  —  17  to  —16  mm.),  and  in  the  left  ven- 
tricle from  2  inches  to  ^  of  an  inch  (  —  52  to  —  20  mm.).  Part  of  this 
fall  in  pressure,  and  possibly  the  greater  part,  is  to  be  referred  to  the  in- 
fluence of  respiration;  but  without  this  the  negative  pressure  of  the  loft 
ventricle  caused  by  its  active  dilatation  is  about  equal  to  ^  of  an  inch 
(20  mm.  )of  mercury. 

The  right  ventricle  is  undoubtedly  aided  by  this  suction  power  of 
the  left,  so  that  the  whole  of  the  work  of  tonducting  the  pulmonary 
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cJrcalatioB  does  not  fall  upon  the  right  side  of  the  heart,  but  is  aagiitad 

\j  the  left  Bida 

(6.)  Auricular. — The  maximum  pressure  within  the  right  auricle  in 

aqoal  to  about  ^  of  an  inch  (20  mm.)  of  mercury,  and  is  probably  some- 
whit  less  iu  the  left  It  has  been  found  that  during  diastole  the  prea- 
rare  within  both  uuricles  sinks  coneiderubly  below  that  of  the  atmos- 
phere; and  as  some  fall  in  pressure  takes  place,  even  when  the  thomx 
of  the  iinimal  operated  upon  has  been  opened,  a  certain  proportion  of 
tiie  fall  must  be  due  to  active  auricular  dilatation  independent  of  respi- 
ration in  the  right  auricle,  this  negative  pressure  is  equal  to  about 
-10  mm. 

In  estimating  the  work  done  by  any  machine  it  is  usual  to  express 
it  in  terms  of  the  nnit  of  work.  In  England,  the  unit  of  work  is  the 
fmt'poundf  and  is  defined  to  be  the  energy  expended  in  raising  a  unit 
of  weight  (1  lb.)  through  a  unit  of  height  (I  ft.):  in  France,  the  kilo- 
jram-meirc.  The  work  done  by  the  heart  at  each  contraction  can  be 
leidily  found  by  multiplying  the  weight  of  blood  expelled  by  the  Yen- 
trides  by  the  height  to  which  the  blood  rises  in  a  tube  tied  into  an 

i  Mtery.  This  height  is  probably  about  9  ft.  3.21  metres  in  man.  Tak- 
ing the  weight  of  blood  expelled  from  the  left  ventricle  at  each  systole 
it6o2,,i.^.,  I  lb.,  we  have  9  X  f  =  3.375  foot-pounds,  or  3.21  X  180  grms. 
jt  578  gram- metres,  as  the  work  done  by  the  left  ventricle  at  each  sya- 
and  adding  to  this  the  work  done  by  the  right  ventricle  (about 
^fourth  that  of  the  left)  we  have  3,375  +  .822  =  4*19  foot-pounds,  or 
I  gram-metres  as  the  work  done  by  the  heart  at  each  contmction^ 


Blood  Pressure. 

The  subject  of  blood-pressure  has  been  already  incidentally  men- 
tioned more  than  once  in  the  preceding  pages,  the  time  has  now  arrived 
for  it  to  receive  more  detailed  consideration. 

That  the  blood  exercises  pressure  upon  the  walls  of  the  vessels  con- 
tiining  it,  is  due  to  the  following  facts : — 

Fir»Uif,  that  the  heart  at  each  contraction  forcibly  injects  a  consid- 
trable  amount  of  blood,  viz.,  4  to  6  oz.  (120  to  ItiO  grms.)  suddenly  and 
q[fuckly  into  the  arteries. 

Secondly,  that  the  arteries  are  already  full  of  blood  at  the  mm- 
Biencement  of  the  ventricular  systole,  since  there  is  not  auflScient  time 
between  the  heart  beats  for  the  blood  to  pass  into  the  veins. 

Thirdly^  that  the  arteries  are  highly  d  is  ten  Bible  and  stretch  to  ao- 
oommodate  the  extra  amount  of  blood  forced  into  them ;  and 

Fourthly^  that  there  is  a  distinct  resistance  interposed  to  the  pas- 
lage  of  the  blood  from  the  arteries  into  the  veins,  from  the  enormous 
Dumber  of  minute  vessels,  small  arteries  (arterioles)  and  capillaries  into 
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which  the  main  artery  has  been  altimately  broken  up.  The  sectior 
aieaof  the  capillaries  is  several  hundred  times  that  of  the  aorta,  a: 
the  friction  generated  by  the  passage  of  the  blood  throngh  these  minu 
channels  opposes  a  considerable  hindrance  or  resistance  in  its  coon 
The  resistance  thus  set  up  is  CiiUed  peripheral  resistance.  The  fri 
tion  is  greater  in  the  arterioles  where  the  current  is  comparatively  rap 
than  in  the  capillaries  where  it  is  slow. 

That  the  blood  exerts  considerable  pressure  upon  the  arterial  wa 
in  keeping  them  in  a  stretched  or  distended  condition,  may  be  readi 
isliown  by  puncturing  any  artery;  the  blood  is  instantly  projected  wi 
great  force  tlirough  the  opening,  and  the  jet  rises  to  a  consideral 
height,  the  exact  level  of  which  varies  with  the  size  of  the  artery  ex^ 
riniented  with.  If  a  large  artery  be  punctured,  the  blood  may  be  pi 
jccted  upward  for  many  feet,  whereas  if  a  small  artery  be  similarly  dei 
with  the  jot  does  not  rise  to  such  a  height.  Another  marked  feature 
the  jet  of  blood  from  a  cut  artery,  particularly  well  marked  if  the  vesi 
be  a  large  one,  and  near  the  heart,  is  the  jerky  character  of  the  outflo 
If  the  artery  bo  cut  across,  the  jet  issues  with  force,  chiefly  from  t 
central  end,  unless  there  is  considerable  anastomosis  of  Teasels  in  t 
neighborhood,  when  the  jet  from  the  peripheral  end  may  be  as  forcil 
and  as  intermittent  as  thiit  from  the  other  end.  The  intermittent  fl( 
in  tlie  arteries  which  is  due  to  the  intermittent  action  of  the  heart,  ai 
wliich  represents  the  systolic  and  diastolic  alterations  of  blood  pressu: 
may  be  felt  if  the  finger  bii  ])laced  upon  a  sufficiently  superficial  artei 
The  finger  is  apparently  raised  and  lowered  by  the  intermittent  systo 
distention  of  the  vessel,  occurring  at  each  heart  beat.  This  intermitte 
distention  of  the  artery  is  what  is  known  as  the  Pulse,  to  the  furtl 
consideration  of  wliich  we  shall  person tly  return,  but  we  may  say  he 
that  in  a  normal  condition  the  pulse  is  a  characteristic  of  the  arteri 
and  is  absent  from  the  venous  How.  At  the  same  time  it  must  be  rec 
looted  that  in  the  veins  the  blood  exercises  a  pressure  on  its  containi 
vessel,  but  as  we  shall  see  presently  this  is  small  when  compared  wi 
the  arterial  blood-pressure.  As  might  be  expected,  therefore,  the  bio 
is  not  expelled  with  so  much  force  if  a  vein  be  punctured  or  cut,  a 
further,  the  flow  from  the  cut  vein  is  continuous  and  not  intermittei 
and  the  greater  amount  of  blood  comes  from  the  peripheral  and  i 
from  the  central  end  as  is  the  case  when  an  artery  is  severed. 

The  result  produced  by  the  experiment  of  cutting  or  puncturing 
blood  vessel  may  be  modified  by  introducing  into  the  vessel  a  gl 
tube  of  a  calibre  corresponding  to  that  of  the  vessel,  and  allowing  1 
blood  to  rise  in  it.  If  the  vessel  be  an  artery,  the  blood  will  j 
several  feet,  according  to  the  distance  of  the  vessel  from  the  heart,  a 
when  it  has  reached  its  highest  point  will  be  seen  to  oscillate  w: 
the  heart's  beats.     This  experiment  shows  that  the  pressure  which  1 
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xeiis  Dpon  the  walJa  of  the  contnlned  artery,  oqaala  the  pres- 
sre  of  a  (dumji  of  blood  of  a  certain  height;  in  the  ease  of  the  rub- 
ffa  carotid  it  ig  equal  to  3  feet  of  blood,  or  rather  more  than  3  feet  of 
r.  In  the  ease  of  the  veiu,  if  a  simihir  experiment  be  performed, 
I  will  rise  In  the  tube  for  an  iach  or  two  only, 

he  \mn\  method  of  oatimating  the  amount  of  blood  pressure  dififera 
wb:U  from  the  foregoing  simple  experiment  Instead  of  a  simple 
jht  tab«  of  glass  inserted  into  the  veaael,  a  U-ehaped  tube  contain* 


'Jf '  ni— Maijnrwii  of  mercurial  kytnoifrsph.  a,  re viilvtnie- ryiinclpr,  womed  by  A  clock-work 
meowttt  cootaJnecl  in  thts  kmx  <iil,  the  spee*!  beint:  reiailaledby  a  fan  tk^yitve  the  box;  eyUiicler 
JtipO  by  &a  tiprislut  (h),  and  raptibLf^  of  bpiii(?  ritliieil  nr  lowt're«l  hv  it»frt-w  (aK  by  a  handle 
wdtrt  It;  o.  c.  K,  rej^reseikt  tufrcunal  niaiJDrtietvr.  a  Bortiewhat  difrereJit  form  of  whicli  is 
M  iu  uisxL  Hjmre. 

i 

■^cnry,  or  a  mercurial  manometer  is  employed,  and  the  artery 
pe  to  communioite  with  it  by  mciuis  of  a  smuli  eanula  which  is 
Jfted  into  the  vessel,  and  a  connecting  tnbe,  an  arrangement  being 
^whereby  the  canuisi,  tubes,  etc,  are  filled  with  a  saturated  saline 
to  prevent  the  clotting  of  blood  when  it  is  allowed  to  pass  from 
ery  into  the  apparatus.  The  passage  of  blood  is  prevented  during 
lagement  of  the  details  of  the  experiment  by  a  pair  of  clamp  or 
forceps.  The  free  end  of  the  U-tuhe  of  mercury  contains  a 
In©  gluss  piston,  the  bulbous  end  of  which  floats  upon  the  surface 
\  mercury^  rising  with  its  rise  and  oscillating  with  its  osciHations. 


J 
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As  BOOB  OB  there  is  free  communication  between  the  artery  and  thi| 
of  mercury^  the  blood  rushes  out  and  pushes  before  it  the  oolu| 
mercury.  The  mercury  will  therefore  rise  in  the  free  limb  of  the! 
and  will  continue  to  do  bo  until  a  point  is  reached  which  correspoq 
the  mean  pressure  of  the  blood-vessel  used.  The  blood-pressure  i|i 
communicated  to  the  upper  part  of  the  mercurial  column;  an^ 
depth  to  which  the  latter  sinks,  added  to  the  height  to  which  it  riJ 
the  other,  will  give  the  height  of  the  mercurial  column  which  the  k 
pressure  balances;  the  weight  of  the  saline  solution  being  subtri 
For  the  estimation  of  the  amount  of  blood  pressure  at  any  giveii 
menti  no  further  apparatus  than  this^  which  is  called  Foiseuiilesi 


Fi|?.  174.— ttidwiff'tt  Kvniognph.    The  mauametor  in  fOiown  in  fig.  179.  D.  C  S.    lHm\ 
which  parttailj  fllU  uie  tube  supports  «  tHoatt  In  fom^  of  &  |jj»ton,  nearly  fillings  the  tube;  i 
AxchI  to  th«  float,  wid  lh«  wrlttii!|;  stvle  or  pea  la  iruldctd  by  passinjj  thmuifh  thi?  brajss  cap: 
tube  fixed  to  the  wtre;  the  preanire  la  oommnnteated  to  Lhu  meircury  by  tu«aii«  of  a  flexibll 
tube  filled  with  fluid. 

madpnamometer/iB  necessary;  but  for  noting  the  variations  of  pp^ 
in  the  arterial  system,  as  well  as  its  absolute  amount^  the  instrumi 
usually  combined  with  a  recording  apparatus^  in  this  form  cal 
kymograph  (fig.  173). 

The  recording  apparatus  consists  of  a  revolving  cylinder  (fi|^ 
A),  which  is  moved  by  clockwork,  and  the  speed  of  which  is  cap^ 
regulation.  The  cylinder  is  covered  with  glazed  paper  biackened  I 
flame  of  a  lamp,  and  the  mercurial  manometer  ia  go  fixed  (fig,  l4 
that  its  float  provided  with  a  style  writes  on  the  cylinder  as  it  rei! 
There  are  many  ways  in  which  the  mercurial  manometer  may  be  n 
in  fig,  174  is  seen  a  form,  which  is  known  as  Ludwig^a  KymograplJ 
order  to  obviate  the  necessity  of  a  large  quantity  of  blood  enterin 
tube  of  the  apparatus,  it  is  usual  to  have  some  arrangement  by ; 
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rhicb  the  mercory  may  be  mad©  to  rise  in  the  tube  of  the  manometer 

the  level  corresponding  to  tbo  mean  preseure  of  the  artery  experi- 

atcd  with,  so  that  the  writing  style  Bimply  records  the  variations  of 

blood  pressure  above  and  below  the  meim  pressnre.     This  is  done  by 

sing  the  saline  solution,  generally  a  saturated  solution  of  sodinm 

lattj  or  sulphate,  to  fill  the  apparatus  from  a  bottle  suspended  at  a 

it,  and  capubk  of  being  raised  or  lowered  as  required  for  the  pur- 

,  or  by  injecting  the  saline  solution  into  the  tube  by  means  of  a 

%ge.     The  can u la  inserted  and  tied  into  the  artery  may  be  of  two 

In  one  case  a  fine  glass  tube  is  used  with  the  end  drawK  out  and 

that  its  end  is  oblique,  and  provided  with  a  shoulder  to  prevent 

Tconiing  out  easily,  the  peripheral  end  of  the  cut  artery  being  tied  to 

bviate  the  escape  of  blood.     By  this  means,  the  pressure  communicated 

I  the  column  of  mercury  is  the  forward  and  not  the  lateral  presaure  of 

1,  or  a  T-canula  may  be  employed  and  may  be  tied  into  the  two 

Ads  of  a  divided  artery,  and  the  free  arm  of  the  T  piece  being  made 


Til.  fi^ — KorznitJ  traclnjr  of  arterial  pr««i«mre  Id  the  rabbit  obtained  with  the  mercurlAl  kTmo- 
\  The  KDAller  undut&tJonB  correspoDd  with  the  heart  b««ta ;  the  larger  curves  vrlth  thA  tespi 
f  aBoremetitfi.    tBurdoa-SoodersoD . ) 


Fcommunicate  with  the  manometer*     This  communicates  the  lateral 
pressure. 

As  soon  as  the  experiment  is  completed,  the  writing  float  is  seen  to 

sillate  in  a  reg^ular  manner,  and  a  curve  of  blood  pressure  is  traced 

on  the  smoked  paper  by  the  style  {or,  if  a  continuous  roll  of  unsmoked 

erbe  used  instead,  by  an  inked  pen),  when  a  figure  similar  to  fig. 

175  will  be  obtained. 

This  indicates  two  main  variations  of  the  blood  preeaure;  the  smaller 

ions  of  the  lever  corresponds  with  the  systole  and  dimiole  of  the 

i,  and  the  large  curves  correspond  with  the  respirations,  being  called 

\r$$piratory  undulations  of  blood  presaure,  to  which  attention  will 

I  directed  in  the  next  chapter.     Of  course,  the  undulations  spoken  of 

ronly  seen  in  records  of  arterial  blood  pressure;  they  are  more  clearly 

ked  in  the  arteries  nearer  the  heart  than  in  those  more  remote*  in 

iKmaller  arteries  the  amount  of  the  pressnre  as  well  as  the  indication 

'***e  systolic  rise  of  pressure,  being,  comparatively  speaking,  amaU. 

n  order  to  record  the  undulations  of  arterial  pressure,  for  some  pur- 

«  it  is  better  to  use  Fick's  Spring  Kymograph  than  the  mercurial 

^ometer.     Two  forms  of  this  iuKtrument  are  shown  in  flga,  176  and 

M 
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177.  It  oonsiBts  of  a  hollow  C-spring,  filled  with  flaid,  the  interi 
which  is  made  to  communicate  with  the  artery  by  means  of  a  fl< 
metal  tube  and  canula.  In  response  to  the  pressiirey  transmitt 
its  interior,  the  spring  tends  to  straighten  itself,  and  the  moTc 
thus  produced  is  communicated  by  means  of  a  leyer  to  a  writing 
and  so  to  a  recording  apparatus.  This  instrument  obTiatee  the  < 
which  might  be  caused  by  the  inertia  of  the  mercury  in  the  men 
manometer;  it  also  shows  in  more  detail  the  Tariations  of  the 
pressure  in  the  vessel  during  and  after  each  individual  beat  of  the  1 


Tiff.  176.— A  form  of  Pick's  Spring  Kymograph,  a.  Tube  to  be  oonnected  with  artery;  c, 
spring,  the  moveiueut  of  which  moves  6,  the  writing  lever;  e,  screw  to  regulate  height  of  6; 
Bide  protective  spring;  gr,  screw  to  fix  on  the  u  right  of  the  support. 

In  fig.  178  is  seen  a  tracing  taken  with  Pick's  Kymograph  fro 
artery  of  a  dog. 

As  regards  the  actual  amount  of  blood  pressure,  from  observa 
which  have  been  made  by  means  of  the  mercurial  manometer,  ii 
been  found  that  the  pressure  of  blood  in  the  carotid  of  a  rabbit  is 
ble  of  supporting  a  column  of  2  to  3.5  inches  (50  to  90  mm.)  of  mei 
in  the  dog  4  to  7  inches  (100  to  175  ram.),  in  the  horse  5  to  8  ii 
(152  to  200  mm.),  and  in  man  the  pressure  is  estimated  to  be  abon 
same. 

To  measure  the  absolute  amount  of  this  pressure  in  any  artery 
necessary  merely  to  multiply  the  urea  of  its  transverse  section  b 
height  of  the  column  of  mercury  which  is  already  known  to  be 
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bj  the  blood -pressure  in  any  part  of  the  arterial  ajetem.     The 

jht  of  a  culumii  of  mercury  thua  found  will  represent  the  pressure 

'  the  blood,     Ciilculated  in  this  way,  the  blood-pressure  in  the  hunmn 

15  equal  to  4  lbs.  4  oz.  avoirdupois;  that  iu  the  aorta  of  the  horse 

Bg  11  lb.  9  oz.;  and  that  in  the  radial  artery  ut  the  human  wrist  only 

Supposing  the  muscular  power  of  the  right  ventricle  to  be  only 

kfamlf  that  of  the  left,  the  blood-pressure  in  tlie  pulmonary  artery  will 

^imly  2  Ik  2  oz.  avoirdupois.     The  aDunints  fibove  stated  represent  the 

tension  to  the  time  of  the  ventricular  contraction. 


,  17T-— Flck*B  KyrnoBTapb,  improved  by  HeriDii:  faft*T  McKcndrfck).    a,  RoHow  spring  flll«l 
boU  l)is*nog  lever  arritiipeirH.Mit  h,  d^  c,  X<i  which  is  uttacbod  the  miirlier  r;  the  rud  c  jia&«e« 
_  d  into  the  lub<*/.  cod udning  castor  oiJ,  which  ofTers  resbtaDce  lo  the  ogcillatiuDtH  of  c;  o, 
»fior  fiiUus  the  leaicUiti  lube  &  wiUi  saturated  Kiilf^hate  uf  tujdiyin  noIuHoq^  and  lu  apply  mifrl- 
Rtre  ma  loprenreoi  the  blood  from  pn>iKing  into  fhn  Cube /i  at  i,  the  c-anuJaiUMfrtaii  Into 
^  L,  m^j»caaarmmrk€T^  which  can  be  applied  la  the  tiiovuiK  fmrfuce  by  tuniitjj?  the  M:rew  mi 
r  for  adjustJA^  the  wbol«  iippamtuB  to  the  movitajj  «urfaee:  t*.  screw  fwr  elevating  or  de- 
^hj  a  mck  oad  pioioa  mo^ementr  the  Ky mograpii;  n,  tinnrcw  tor  adjusting  the  poaiUou  of 

The  blood-pressure  is  greatest  in  the  left  ventricle  and  at  the  begin- 
;  of  the  aorta,  and  decreases  toward  the  capillaries.  It  is  greatest  in 
Bfiea  at  the  period  of  the  ventricular  systole.  The  blood -pressure 
ttiDy  lessens  then  as  we  proceed  from  the  arteries  near  the  heart  to 
!  more  remote,  and  again  from  these  to  the  capillaries,  and  thence 
f  the  Treins  to  the  right  auricle.  The  blood-pressure  in  the 
%  ifl  nowhere  very  great,  but  is  greatest  in  the  small  veins,  while  In 
Wge  TeiDS  toward  the  heart  the  pressure  becomes  7ug(iiivi\  or,  in 
*  words,  when  a  vein  is  put  iu  connection  with  a  mercurial  man- 
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ometer  the  mercury  will  fa]l  io  tb©  arm  furthest  away  from  theTem  \ 

will  rise  in  the  arm  nearest  the  vein,  thtj  action  being  that  of  sue 
rather  than  preBsure  forwiird.     In  the  large  veins  of  the  neck  the  4 
dency  to  suck  in  air  is  especiully  marked,  and  is  the  cause  of  deatl 
some  surgiciil  operutions  in  that  region.     The  amount  of  pressure  in  I 
brachial  vein  is  said  to  support  9  mm.  of  mercury^  whereas  the  pr 
in  the  veins  of  the  neck  may  fall  to  a  negative  pressure  of  rather  ] 
than  4  inch  or  —  about  |  to  J  inch  or  —  ;3  to  ~  8  mm. 

The  variations  of  venous  pregsuro  during  systole  and  diastole  of  ^ 
heart  are  very  slight,  and  a  distinct  pule©  is  never  seen  in  veins  eio 
under  extraordinsiry  circumstances.     From  observations  upon  thei 
of  the  frog^a  foot,  the  tongue  and  mesentery  of  the  frog,  the  taili 
newts,  and  small  fishes  (Roy  and  Brown),  as  well  as  upon  the  skinj 
the  finger  behind  the  nail  (Kries),  by  careful  estimation  of  the  amo 
of  pressure  required  to  empty  the  vessels  of  blood  under  various  cod 
tions,  it  apjmars  tliat  the  blood*pressure  is  subject  to  variations^ 
the  capillaries^  apparently  following  the  variations  of  that  of  iW 


^\g.  ITS.— Nomial  ftrU?rial  Lrftcinj?  obtaincK]  with  Fick'a  kymog^raph  lo  the  dog. 


arteries;  and  that  up  to  a  certain  point,  as  the  extra  vascular  pre 
increased,  so  does  the  pulse  in  the  arterioles,  capillaries,  and  veniikil 
come  more  and  more  evident.     The  pressure  in  the  first  case  (i 
the  frog's  foot)  has  been  found  to  be  equal  to  about  ^  to  |  inch  or  J 
20  mm.  of  mercury;  in  other  experiments  to  be  equal  to  about  J  to j 
the  ordinary  arterial  pressure. 

The  arterial  blood- pressurt?  may  be  made  to  vary  by  variations  < 
either  of  tho  two  chief  factors  upon  which  the  pressure  in  the  ves 
depends,  viz.,  the  cardiac  contractions  and  the  peripheral  resistj 
Thus,  increase  of  blood-pressure  may  be  brought  about  by  either  \ 
more  frequent  or  more  forcible  action  of  tho  heart,  or  (b)  by  incr 
the  peripheral  resistance;   and  on  the  other  hand,  diminution  of  1 
blood-pressnre  muy  be  produced,  either  by  (a)  a  diminished  force  or  I 
quency  of  the  contractions  of  the  hearty  or  by  (b)  a  diminished  perij 
ral  resistance.     These  diflferent  factors,  however,  although  yarying 
stantly,  are  so  combined  that  the  general  arterial  pressure  remains  f*^ 
constant;  for  example,  the  heart  may,  by  increased  force  or  frequ 
of  its  contractions,  distinctly  iucrease  the  blood-pressure,  but  thi  I 
creased  action  is  almost  certainly  followed  by  diminished  periplj 
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ce,  and  thtis  the  two  altered  conditioos  may  balance,  with  the 
i  of  briDgiog  back  the  blood-pressure  to  what  it  waa  before  the 
begiiQ  to  beat  more  rapidly  or  more  forcibly, 
will  he  clearly  seen  that  the  circiilution  of  the  blood  within  the 
ood*Tessels  most  depend  upon  the  diminution  of  the  pressure  from 
heart  to  the  capillaries,  and  from  the  capillaries  to  the  veins,  the 
ood  flowing  in  the  direction  of  least  resistance;  we  shall  presently  see 
iTther  that  the  general  or  local  flow  also  depends  upon  the  relations 
een  the  heart's  action  and  the  peripheral  resistance,  general  or  local. 

The  Arterial  Flow, 

The  character  of  the  flow  of  blood  through  the  arterial  system  de- 
idM  to  a  very  considerable  extent  upon  the  structure  of  the  arterial 
I,  and  particularly  upon  the  elastic  tissue  which  is  so  highly  devel* 
led  iu  them. 
The  elastic  tissue  first  of  all  guards  the  arteries  from  the  suddenly 
pressure  to  which  they  are  subjected  at  each  contraction  of  the 
itricles^  In  every  such  contraction  as  is  ahove  seen  the  contents  of 
Tentricles  are  forced  into  the  arteries  more  quickly  than  they  can 
I  disaharged  through  the  capillaries.  The  blood,  therefore,  being,  for 
inetaiit,  resisted  in  its  onward  course,  a  part  of  the  force  with  which 
impelled  is  directed  against  the  aides  of  the  arteries;  under  this 
their  elastic  walls  dilate,  stretching  enough  to  receive  the  blood, 
as  they  stretch,  becoming  more  tense  and  more  resisting.  Thus, 
yielding  they  break  the  shock  of  the  force  impelling  the  blood.  On 
bsidenee  of  the  pressure,  when  the  ventricles  cease  contracting, 
ries  are  able,  by  the  same  elasticity,  to  resume  their  former  cali- 
I  the  elastic  tissue  also  equalizes  the  current  of  blood  by  maintaining 
re  on  it  in  the  arteries  during  the  period  at  which  the  ventricles 
at  rest  or  are  dilating.  If  the  arteries  were  rigid  tubes^  the  blood 
of  flowing,  as  it  does*  in  a  constant  stream,  would  be  propelled 
gh  the  arterial  system  in  a  series  of  jerks  corresponding  to  the 
tiictilar  contractions,  with  intervals  of  almost  complete  rest  during 
inaction  of  the  ventricles.  But  in  the  actual  condition  of  the  ves- 
the  force  of  the  successivo  contractions  of  the  ventricles  is  expended 
iy  in  the  direct  propulsion  of  the  blood,  and  partly  in  the  dilatation 
the  elastic  arteries;  and  in  the  intervals  between  the  contractions  of 
ventricles,  the  force  of  the  recoil  is  employed  in  continuing  the  on- 
flow* Of  course  the  pressure  exercised  is  equally  diffused  in  every 
tion,  and  the  blood  tends  to  move  backward  as  well  as  onward ;  all 
rement  backward,  however,  is  prevented  by  the  closure  of  the  semi- 
If  valves,  which  takes  place  at  the  very  commencement  of  the  recoil 
he  arterial  walls. 
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Thus  by  the  exercise  of  the  elasticity  of  the  arteries,  all  the  force  dl 
the  ventricles  is  expended  upon  the  circaktion;  for  that  part  of  th 
force  which  is  used  up  or  rendered  potential  in  dilating  the  arteries  i 
restored  or  made  active  or  kinetic,  in  full  when  they  recoiL  There  1 
no  loss  of  force;  neitlier  is  there  any  gain,  for  the  elastic  walls  of  tkl 
artery  cannot  originate  any  force  for  the  propalsion  of  the  blood — thi 
only  restore  that  which  they  received  from  the  ventricles.  It  is  by  tl 
equalizing  influence  of  the  successive  branches  of  every  artery  that 
length  the  intermittent  accelerations  produced  in  the  arterial  ci 
by  tlie  action  of  the  heart,  cease  to  be  observable,  and  the  jetting 
is  converted  into  the  continuous  and  equable  movement  of  the 
which  we  see  in  the  capillaries  and  veins.  In  the  production  of  a 
tinuous  stream  of  blood  in  the  smaller  arteries  and  capillaries,  the 
sistance  which  is  offered  to  the  blood-stream  in  these  vessels  is  a  ni 
S2iry  agent.  Were  there  no  greater  obstacle  to  the  escape  of  blood 
the  larger  arteries  than  exists  to  its  entrance  into  them  from  the  h 
the  stream  would  bo  intermittent^  notwithstanding  the  elasticity  of 
of  the  arteries. 

By  means  of  the  elastic  and  muscular  tissue  in  their  walls  again  tk 
arteries  arc  enabled  to  dilate  and  contract  readily  in  correspondenfl 
with  any  temporary  increase  or  diminution  of  the  total  quantity 
blood  ill  the  body;  and  within  a  certain  range  of  diminution  of  fk 
quantity,  still  to  exercise  due  pressure  on  their  contents.  The 
tissue  further  assists  in  restoring  the  normal  channel  after  diminntifll 
of  its  calibre,  whether  this  has  been  caused  by  a  contraction  of  the  mi 
cular  coat,  or  by  the  temporary  application  of  a  compressing  force  froi 
without.  This  action  is  well  shown  in  arteries  which,  having  contracti 
by  means  of  their  muscular  element,  after  death  regain  their  av< 
potency  on  the  cessation  of  post-mortem  rigidity. 

The  office  of  the  muscular  coat  also  is  employed  to  adjust  the 
of  the  blood  locally,  to  regulate  the  quantity  of  blood  to  be  received 
each  part  or  organ,  and  to  adjust  it  to  the  requirements  of  each,ai 
ing  to  various  circumstances,  but,  chiefly,  according  to  the  activity  wil 
which  the  functions  of  each  are  at  different  times  performed.  Thi' 
amount  of  work  done  by  each  organ  of  the  body  varies  at  different  time^ 
and  the  variations  often  quickly  succeed  each  other,  so  that,  as  in  th^ 
brain,  for  example,  during  sleep  and  waking,  within  the  same  hoar^ 
part  may  be  now  very  active  and  then  inactive.  In  all  its  active  ex»^ 
cise  of  function,  such  a  part  requires  a  larger  supply  of  blood  than: 
sufficient  for  it  during  the  times  when  it  is  comparatively  inactive. 
is  evident  that  the  heart  cannot  regulate  the  supply  to  each  part  at 
ferent  periods;  neither  could  this  be  regulated  by  any  general  and 
form  contraction  of  the  arteries;  but  it  may  be  regulated  by  the  po^ 
which  the  arteries  of  each  part  have,  in  their  muscular  tlasae,  of 
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veAing  so  as  to  diminisli,  and  of  pasaively  dilating  or  yielding  so  as  to 
Unit  an  increase  of,  the  supply  of  blood,  according  to  the  requirements 
the  part  to  which  they  are  distributed.  And  tbua,  while  the  ventri- 
iof  the  heart  determine  the  total  quantity  of  blood,  to  be  sent  onward 
contraction,  and  the  force  of  its  propulsion,  and  while  the  large 
merely  elastic  arteries  distribute  it  and  equalize  its  stream,  the 
er  arteries,  in  addition,  regulate  and  determine,  by  means  of  their 
Dscular  tissue,  the  proportion  of  the  whole  quantity  of  blood  which 
be  distributed  to  each  part» 
This  regulating  function  of  the  arteries  is  governed  and  directed  by 
nerroas  system  in  the  way  to  be  presently  described. 
The  moacular  element  of  the  middle  coat  also  co-operates  with  the 
ic  in  adapting  the  calibre  of  the  vessels  to  the  quantity  of  blood 
the  J  contain.  For  the  amount  of  fluid  in  the  blood-vessels  varies 
nsiderably  even  from  hour  to  hour,  and  can  never  be  quite  con- 
;  and  were  the  elastic  tissue  only  present  the  pressure  exercised 
the  walls  of  the  contiiining  vessels  on  the  contained  blood  would  be 
es  very  small ,  and  sometimes  inordinately  great.  The  presence 
uscolar  element,  however,  provides  for  a  certain  uniformity  in  the 
t  of  pressure  exercised;  and  it  is  by  this  adaptive,  uniform,  gen- 
luscalar  contraction,  that  t!ie  normal  tone  of  the  blood-vessels  is 
tained.  Deficiency  of  this  tone  ia  the  cause  of  the  soft  and  yiehi- 
[pulse,  and  its  unnatural  excess  of  the  hard  and  tense  one. 
The  elastic  and  muscular  contraction  of  an  arteiy  may  also  be  re- 
lied as  fnlOlling  a  natural  purpose  when,  the  artery  being  cut,  it  first 
lite  and  then,  in  conjunction  with  the  coagulated  fibrin,  arrests  the 
)Kpe  of  blood.  It  is  only  in  consequence  of  such  contraction  and  co- 
on that  we  are  free  from  danger  through  even  very  slight  wounds; 
it  is  only  when  the  artery  is  closed  that  the  processes  for  the  more 
Maaentand  secure  prevention  of  bleeding  are  established.  But  there 
no  reason  for  supposing  that  the  muscular  coat  assists,  to  more 
a  T©ry  small  degree,  in  propelling  the  onward  current  of  blood. 

The  Pulse. 

The  most  characteristic  feature,  then,  of  the  arterial  flow,  is  its  in- 
mittency,  and  this  intermittent  flow  is  seen  or  felt  as  the  Pulse. 
The  pulse  is  generally  described  as  an  expansion  of  the  artery  pro- 
by  the  wave  of  blood  set  in  motion  by  the  injection  of  blood  at 
ventricular  systole  into  the  already  full  aorta.     As  the  force  of  the 
tricle,  however,  is  not  expended  in  dilating  the  aorta  only,  the 
blood  passes  on,  expanding  the  arteries  as  it  goes,  running  as  it 
on  the  surface  of  the  more  slowly  travelling  blood  already  coa- 
in  tbem^  and  producing  the  pulse  as  it  proceeds. 


1 


Fijf.  183,— IhidippoD'si  8j>hy|[;iiio|^raph. 


The  priDciple  of  the  sphjgmoineter  of  Roy  and  Adami  is  shown  in  the  i 
gram  (fig,  188),  j 

Tlie  apparatus  consists  of  a  box  (a)  which  in  moulded  to  fit  over  the  eoi 
the  radius  so  as  to  hridge  over  the  radial  artery.  Within  this  is  a  Bexible' 
{b)  filled  with  water,  and  connected   by  a  T  tube  with  a  rubber  bag  (h)  \ 


f — — 


^masomtter. 


Tig.  ISa.— Diagram tnatlc  sectioDal  pppreaenUitioD  of  the  wphTprmome^ter  CRoy  and  AdamQj 
BOK  la  which  Um*  portion  of  tho  artery  la  htcloisetl;  ft.  thm  wnlleJ  lndiarubt»er  bag  filled  with  in 
and  cominunicatiDi?  throii^ti  tap,  c,  with  manMTnp(«*r  nml  Lhltk-wnlied  rubbt»r  baK»  h;  d.  pistom 
oectetl  by  rod.  r,  with  rK^nrditig  It^vir, /;  g.  spiral  i*prin^  attached  to  axis  of  lever,  and  bj  1( 
the  preflsure  io  b,  afraiaxt  the  p\sUin,  d,  ia  €*<untf  riiaJanced;  k,  bIlIjjuuI  iubcutaneous  ti»aa;  m 
ot  radiut  seen  In  BectioB;  n,  radial  art«ry  seen  in  !i?ctioii. 


L. 
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il  m&Domater.  The  fluid  in  the  box  may  l>e  raised  to  any  desired 
^  and  may  tlien  be  shut  off  by  tap  (c).  At  the  upper  part  of  the  box  is 
|r  opening,  and  resting  upon  (6)  is  a  tiat  button  (cf),  wiiich  by  meAns 
I  light  rod(c)  communicatea  the  movement  of  {b}  to  the  lever  {/).  To 
M>f  rotation  of  this  lever  is  a  spiral  watch-spring  (g)  whiirh  can  be  tight- 
IriU.  so  that  the  lever  can  be  made  tu  tiike  a  vertical  position  at  any 
hydrostatic  pressure  within  the  box.  The  movements  of  tlie  lever  are 
I  upon  a  piece  of  blackened  glazed  paper  made  to  move  in  a  vertical 
i  past  iL  When  in  use,  the  box  is  lixed  upon  the  end  of  the  radius  by 
priate  holder,  and  the  pressure  is  raised  to  any  desired  height  to  which 
t  is  adapted  by  tightening  or  slackening  the  spring.  The  tap  (c)  is 
Bd,  The  pressure  within  the  box  acts  in  all  directions,  and  is  correctly 
I  by  the  manometer. 

tracing  of  the  pulse  (sphygmogram),  obtained  by  the  use  of 
rgmograpb,  differs  somewhat  according  to  the  artery  upon  which 
ilied,  but  its  general  churacters  are  much  the  Siime  in  all  cases. 
bU  of :— a  sudden  upstroke    (fig,  184,  a),  which  is  somewhat 


I  of  pulse  cradng.    j^  Up-stroke^  n,  dovrm-atroke:  c,  pre-dicrotJc  w&Te;  o,  di' 
croUc;  t,  poat-dicroLic  wave. 

Hod  more  abrupt  in  the  pulse  of  the  carotid  and  of  other  arteries 

I  heart  than  in  the  mdial  and  other  arteries  more  remote;  and 

II  decline  (b),  less  abrupt,  and  therefore  taking  a  longer  time 
It  is  seldom,  however,  that  the  decline  ia  an  uninterrupted 

usually  marked  about  half-way  by  a  distinct  notch  (o),  called 
\lic  not  thy  which  is  caused  liy  a  second  mora  or  less  marked  as- 

e  lever  at  that  point  and  by  a  second  wave  called  the  dicrotic 
not  nnfrequently  thero  is  also  soon  after  the  commencement 
eseent  a  slight  ascent  previous  to  the  dicrotic  notch:  this  is 
e  pTB-dicrotic  wave  (c),  and  in  addition  there  may  be  on©  or 
ht  ascents  after  the  dicrotic,  called  post-dicroiic  {e}. 
interruptions  in  the  down  stroke  are  called  the  kaiacrotic  waves, 

uish  them  from  an  interruption  in  the  upstroke,  the  anacrotic 
ich  ia  sometimes  met  with. 
explanation  of  these  tracings  presents  some  diflScnlties,    not, 

as  regards  the  two  primary  factors,   viz.,  the  upstroke  and 
^ke,  becauB©  they  are  universally  tnken  to  mean  the  sudden  in- 


r 


The  firiiijcipla  of  ibe  sphj^toometer  of  Roj  and  Adami  b  i 
f^mm  (fig*  189). 

Tlie  mppantns  conftists  of  a  box  (a)  wMeh  it  mmtklal  to  III  4 
th«  radiuB  ao  as  to  bridge  over  the^  radial  artenr.     Witbtti  thia  ia  i 
Q>)  filled  with  wal«r,  and  cxumected   by  a  T  ti^w  with  a  mblMr 
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ll  manometer.     The  fliud   iu   tho  box  may  he  rataed   to  any  dcflired 
I  and  may  then  bo  tiliut  off  by  tap  (c)«     At  the  upjx^r  part  of  the  b*jx  is 
r  opening,  and  re«tiag  up<m  (b)  iei  a  tiat  button  (d),  which  by  uieane 
flight  rod(e)  comraanicatet*   tlio  movement  of  (6)  to  the  lever (/).     To 
0f  rotation  of  this  lever  is  a  Bpiral  watchnprmg  (g)  which  can  be  tight- 
prill,  so  that  the  lever  can  bi*  made  t**  take  a  vertical  position   at  any 
kydro^tatic  pressure  within  the  Wx,     The  movements  of   tiie  lever  are 
■  upon  a  piece  of  blackened  glared  pajx^r  made  to  move  in  a  vertical 
A  paat  it.     When  in  uae,  tin?  Ihjx  ia  tixixl  upon  the  end  of  the  radius  by 
■nriate  holder,  and  the  prei^sure  is  raided  to  any  deHtred  height  Uj  which 
*  is  adapted  by  tightening  or  alaekening  tlie  Bpring.     The  tap  (c)  \h 
Bd.     The  preaaure  within  the  box  acts  in  all  directions,  and  is  correctly 
I  by  the  manometer. 

tracing  of  the  pulse  (sphyg^mogram),  obtained  by  the  use  of 
fgmograph,  differs  Boniewhat  according  to  the  artery  upon  which 
lied,  but  its  general  cliaracters  aru  much  the  sjimo  in  all  cuses. 
WU  of :— A  andden  upstroke    (fig.  184,  a),  which  m  Bomowhat 


I  of  palM  tnctDg.    A,  Up-ftmke;  b^  down-fltroke:  c,  pre^lcrotk)  itKfB*  o,  di- 
crotic; K,  po«t-dicrotic  wave. 

md  more  abrupt  in  the  pulse  of  the  carotid  and  of  other  arteries 

heart  than  in  the  radial  and  other  arteries  more  remote;  and 
a  decline  (b),  less  abrupt,  and  therefore  taking  a  longer  time 
It  is  seldom,  however^  that  the  decline  is  an  uninterrupted 
usually  marked  about  half-way  by  a  distinct  notch  (o),  called 

ic  noir/i^  wliich  is  osniflcd  by  a  second  more  or  less  marked  ns- 
lie  lever  at  that  point  and  by  a  second  wave  called  ih&  dicroiic 

;  not  unfreqoontly  thero  is  also  noon  after  the  commencement 
€0cei]t  a  slight  ascent  previous  to  the  dicrotic  notch:  this  is 
16  pre-dtcrotic  wave  (c),  and  in  addition  there  may  be  on©  or 
{ht  asceuts  after  the  dicrotic,  called  pogt'dicrolie  (e). 
interruptions  in  the  downstroke  are  called  the  kaiacrofic  waves, 

{Qish  them  from  an  ioterruptioD  in  the  upstroke,  the  mmcroiic 

ich  ia  sometimca  met  with* 
explanation  of  these  tracings  presents  some  difilculties»    not, 
aa  regards  the  two  primary  factorSj   viz.,  the  upstroke  and 
lite,  because  they  are  univerpally  taken  to  mean  the  sudden  in- 
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Jection  of  blood  into  the  already  full  arteriee,  and  the  gradual  fall  of  J 
the  lever  signifying  the  recovery  of  the  arteries  by  tbeir  recoil.     Tha 
poinia  may  be  demonstrated  on  a  system  of  clastic  tubes,  with  a  syring 
to  pQmp  in  water  at  regular  intervals,  just  as  well  as  on  the  radial 
artery,  or  on  the  more  complicated  system  of  tubes  in  which  the  he 
the  arteries,  the  capillaries  and  veins  are  repreaented,  which  is  knowB 
as  an  arierial  schema.     If  wo  place  two  or  more  sphygmographs  uf 
such  a  system  of  tubes  at  increasing  distances  from  the  pump,  we  majj 
demonstrate  llrst,  that  the  rise  of  the  lever  commences  earliest  in ' 
nearest  the  pump,  and  secondly,  that  it  is  higher  and  more  sudde 
while  at  a  longer  distance  from  the  pump  the  wave  is  less  marked,  aa^ 
a  little  later.     So  in  the  arteries  of  the  body  the  wave  of  blood  gradu 
ally  gets  less  and  less  as  we  approach  the  periphery  of  the  arterial 
tern,  and  Is  lost  in  the  capillaries. 

The  origin  of  the  secondary  waves  is  still  a  matter  of  uncertain tyJ 


FfR.  ISB.— Anacnilic  pulfts  from  A  caso  of  aortto  aneurtHn. 


The  anaeroiic  wave  occurs  when  the  peripheral  resistance  is  high;  thi 
ia,  when,  for  some  time  during  the  systole,  the  flow  from  the  aoi 
toward  the  periphery  is  slower  than  the  flow  from  the  ventricle  into 
aorta.     Thus,  it  is  seen  in  some  cases  of  nephritis  where  the  arteries 
rigid  and  the  peripheral  resistance  high* 

The  dicrotic  wave  is  the  mtjst  important  of  the  secondary  waves,  and 
has  been  the  subject  of  much  discussion.  It  is  constantly  present il^ 
pulse- tracings,  but  varies  in  height.  In  point  of  time  the  dicrotic  watt 
occurs  immediately  after  the  closure  of  the  aortic  semilunar  valves.  Ia 
certain  conditions,  generally  of  disease,  it  becomes  so  marked  as  to  bv 
quite  plnin  to  the  noaided  finger.  Such  a  pulse  is  called  dicrotic,  Thi 
most  generally  accepted  view  of  the  cause  of  the  dicrotic  wave  is  that  it 
represents  a  rebound  from  the  closed  aortic  valves.  During  systole,  i* 
the  blood  is  forcibly  injected  into  the  aorta,  there  is  as  it  were  an  over^ 
distention  of  the  artery.  The  systole  suddenly  ends,  the  aorta  by  war 
son  of  its  elasticity  tends  to  recover  itself,  the  blood  is  driven  bacl| 
against  the  semilunar  valves,  closing  them  and  at  the  same  time  givinf 
rise  to  a  wave— the  dicrotic  wave — which  begins  at  the  heart  and  travi 
onward  toward  the  periphery  like  the  primary  wave.     According  to  F< 
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ifif,  the  coDditioDS  favoriDg  tbe  development  of  dicrotmm  are:  (1)  a 

Highly  eiteDBible  and  elastic  arterial  wall;  (2)  a  comparatively  low  mean 

Hood  pressure,  leaving  tbe  extensible  reaction  frc^e  scope  to  act;  (3)  a 

ngoroua  and  rapid  stroke  of  tbe  TeDtricle,  discharging  into  the  aorta  a 

considerable  quantity  of  blood. 

The  other  secondary  waves  are  probably  dne  to  the  elastic  recoil  of 
tbe  arteries,  though  some  of  them  at  least  may  be  due  to  the  inertia  of 
the  instruments  used. 


W\m.  IW.— A,  Konnal  pals^tmcing  from  railial  of  hpaUhy  arfult.  obtained  by  the  sphyj^mometer, 
B,  Ffoaa.  mxte  aiterj*  wltJi  ihe  someextra-artertal  prasaure,  taken  durmg  acute  nasal  oatarrh. 

Id  the  nse  of  the  sphygmogrnph  care  must  be  taken  as  to  the  careful 
regnlation  of  the  pressure.  If  the  pressure  bo  too  great,  tbe  characters 
of  the  pulse  may  be  almost  entirely  obscured,  or  the  artery  may  be 
entirely  obstructed,  and  no  tracing  is  obtained;  and  on  the  other  hand, 
if  the  pressure  is  too  slight,  a  very  small  part  of  the  characters  may  he 
represented  on  the  tracing. 


S2^  HAJN*i)BU<JJ£    UF   PHXbiOLOGY. 


The  Capillary  Flow. 

It  is  in  the  capillaries  thtit  the  chief  resifitance  is  offered  to  the 

ress  of  the  blood ;  fur  tii  them  the  friction  of  the  blood  is  gre&t| 
creased  by  the  eiiormoua  multiplication  of  the  surface  with  wluo| 
brought  in  contuct.  j 

When  the  capillary  eirrolation  is  examined  in  any  transparenj 
of  a  full-grown  living  luiinial  by  lueaiie  of  the  microscope  (tig.  187j 
blood  is  seeu  to  flow  with  a  constant  equable  motion;  the  red  1| 
corpuscles  moving  along,  mostly  in  single  file,  and  bending  in  t4 
ways  to  accommodate  themselves  to  the  tortuous  course  of  the  capil 
but  instantly  recovering  their  normal  outline  on  reaching  a  wider  t 

At  the  circumference  of  the  stream  in  the  larger  capillariea 
sepecially  well  marked  in  the  small  arteries  and  Teins,  in  contact 


F^.  187,— C&i»DlAri«B  (C.>  in  the  vteh  of  the  frog'ii  foot  connecting  &  mmll  MTtery  (^i 
Hmall  vein  V  (after  AUea  Thom»ooJ. 

the  walls  of  the  vessel^  and  adhering  to  them,  there  is  a  layer  of  U 
sanguinis  which  appears  to  he  motionless.  The  existence  of  this 
layer,  as  it  is  termed,  is  inferred  both  from  the  general  fact  that 
an  one  exists  in  nil  fine  tubes  traversed  by  fluid,  and  from  what  ca 
Been  in  wutching  the  movements  of  the  blood -corpuscles.  Thi 
corpuscles  occupy  the  middle  of  the  stream  and  move  with  compar 
rapidity;  the  colorless  corpuscles  run  much  more  slowly  by  the  wa! 
the  vessel;  while  next  to  the  wall  there  is  often  a  transparent  spai 
which  the  fluid  appears  to  be  at  rest;  for  if  any  of  the  corpuscles 
pen  to  be  forced  within  it,  they  move  more  slowly  than  before,  ro 
lazily  along  the  side  of  the  vessel,  and  often  adhering  to  its  wall. 
of  this  slow  movement  of  the  colorless  corpuscles  and  their  occaal 
stoppage  may  be  due  to  their  having  a  natural  tendency  to  adhi 
the  walk  of  the  vessels.  Sometimes,  indeed,  when  the  motion  oi 
blood  is  not  strong,  many  of  the  white  corpuscles  collect  in  a  capi 
vessel,  and  for  a  time  entirely  prevent  the  paes^ige  of  the  red  corpui 
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eral  reaistauce  is  greatly  diminished  by  tlie  dilata- 
e  small  arteries  aod  capillaries,  so  much  blood  passes  on  from 
the  arteriea  into  the  cjipillaries  at  each  stroke  of  the 
heart,  that  there  is  not  suflicient  remain iog  in  the 
arteries  to  distentl  them.  Thus,  the  intermittent 
current  of  the  ventrieular  systole  is  not  conTerted 
into  a  continuous  stream  by  the  elasticity  of  the 
arteries  before  the  i^iip ilia ries  are  reached;  and  so  in- 
lermittency  of  the  flow  occurs  both  in  capillaries 
and  veins  and  a  pulse  is  produced.  The  same  phe- 
nomenon may  occur  when  the  arteries  become  rigid 
from  disease,  and  when  the  heat  of  the  heart  is  so 
slow  or  so  feeble  that  the  blood  at  each  cardiac  sys- 
tole has  time  to  pass  on  to  the  capillaries  before  the 
next  stroke  occurs;  the  amount  of  blood  sent  at  each 
stroke  being  insuiticient  to  pro]»erly  distend  the 
elastic  arteries. 

It  was  formerly  supposed  that  the  occurrence 
of  any  transudaiiou  from  tlie  interior  of  the  capil- 
laries  into  the  midst  of  the  surrounding  tissues  waa 
con  fined »  in  the  absence  of  injury,  strictly  to  the 
fluid  part  of  tlie  blood;  in  other  words,  that  the 
corpuscles  could  not  escape  from  the  circulating 
stream,  unless  the  wall  of  the  containing  blood-vessel 
iored.  It  is  true  that  an  English  physiologist,  Augustus  Waller, 
,  in  1846,  that  he  had  seen  blood-corpusclesy  both  red  and  white, 
ily  through  the  wail  of  the  capillary  vessel  in  which  they  were 
id  (thus  confirming  what  had  been  stated  a  short  time  previously 
ion);  and  that, as  no  opening  could  be  seen  before  their  escape, 
iDOuld  be  observed  afterward— so  rapidly  was  the  part  healed. 
le  observations  did  not  attract  much  notice  until  the  phenome- 
icape  of  the  blood-corpuscles  from  the  capillaries  and  minute 
UTt  from  mechanical  injury,  were  re-discovered  by  Cohnheim 

jheim*s  experiment  demonstrating  the  passage  of  the  corpuscles 
tlie  wall  of  the  blood-vessel  is  performed  in  the  following  man- 
frog  is  urarized,  that  is  to  say,  paralysis  is  produced  by  ejecting 
e  skin  a  minute  quantity  of  the  poison  called  urari;  and  the 
I  having  been  opened,  a  portion  of  small  intestine  is  drawn  out, 
ransparent  mesentery  spread  out  under  a  microscope.  After 
e  time,  occupied  by  dilatation,  following  contniction  of  the 
essels  and  accompanying  quickening  of  the  blood- stream,  there 
retardation  of  the  current,  and  blood -corpuscles,  both  red  and 
Igin  to  DUike  their  way  through  the  capillaries  and  small  veins. 


had 
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xhe  white  corpnaoles  pass  through  the  capillary  wall  ehiefly  by  fb 
uZiOdboid  movement  with  which  they  are  endowed.  This  migration  oe 
curs  to  a  limited  extent  in  health,  bat  in  inflammatory  conditions  i 
mm^b  increased. 

The  process  of  diapedesis  of  the  red  corpuscles,  which  occurs  undi 
circumstances  of  impeded  venous  circulation,  and  consequently  increani 
blood-pressure,  resembles  closely  the  migration  of  the  leucocytes,  wid) 
the  exception  that  they  are  squeezed  through  the  wall  of  the  vessel,  inj 
do  not,  like  them,  work  their  way  through  by  amoeboid  movement 

Various  explanations  of  ttrse  remarkable  phenomena  have  bM^ 
suggested.  Some  believe  that  pseudo-stomata  between  contiguous  endij 
thelial  cells  provide  the  means  of  escape  for  the  blood-corpuscles,  ftn 
the  chief  share  in  the  process  is  probably  to  be  found  in  the  vital  m 
dowments  with  respect  to  mobility  and  contraction  of  the  parts  o(tt| 
cerned — both  of  the  corpuscles  and  of  the  capillary  wall  itself. 

The  circulation  through  the  capillaries  must,  of  necessity,  be  large^ 
influenced  by  that  which  occurs  in  the  vessels  on  either  side  of  them— 
in  the  arteries  or  the  veins ;  their  intermediate  position  causing  them  tt 
feel  at  once,  so  to  speak,  any  alteration  in  the  size  or  rate  of  the  arterid 
or  venous  blood-stream.  Thus,  the  apparent  contraction  of  the  capiDij 
ries,  on  the  application  of  certain  irritating  substances,  and  during  fen 
and  their  dilatation  in  blushing  may  be  referred  primarily  to  the  actio^ 
of  the  small  arteries. 

The  Venous  Flow. 

The  blood-current  in  the  veins  is  maintained  (a)  primarily  by  the 
a  tergo  of  the  contraction  of  the  left  ventricle;  but  very  effectual 
ance  to  the  flow  is  afforded  (b)  by  the  action  of  the  muscles  capable 
pressing  on  the  veins  with  valves,  as  well  as  (c)  by  the  suction  action 
the  heart,  and  (e)  aspiration  of  the  thorax. 

Tho  effect  of  muscular  pressure  upon  the  circulation  may  be 
explained.  When  pressure  is  applied  to  any  part  of  a  vein,  and 
current  of  blood  in  it  is  obstructed,  the  portion  behind  the  seat  of 
sure  becomes  swollen  and  distended  as  far  back  as  the  next  pair 
valves,  which  are  in  consequence  closed.  Thus,  whatever  force  is  en 
cised  by  the  pressure  of  the  muscles  on  the  veins,  is  distributed  parf 
in  pressing  the  blood  onward  in  the  proper  course  of  the  circulatitf 
and  partly  in  pressing  it  backward  and  closing  the  valves  behind. 

The  circulation  might  lose  as  much  as  it  gains  by  such  an  actioOt 
it  were  not  for  the  numerous  communications,  one  with  another; 
through  these,  the  closing  up  of  the  venous  channel  by  the  backwid 
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ispreTented  from  beiug  any  serioua  blDdrance  to  the  circnla- 
^o,  since  the  blood,  of  which  the  onward  course  is  arrested  hj  the 
Sied  valves,  can  at  once  puss  through  some  aiia&tomosiBg  chanDel,  and 
W»ed  on  its  wny  bj  another  vein.  Thus,  therefore,  the  effect  of  mus- 
ilar  pressure  upon  veins  which  have  valves,  is  turned  almost  entirely 
advantage  of  the  circulation;  the  pressure  of  the  blood  onward 
advantiigeous,  and  the  pressure  of  the  blood  backward  is  prevented 

m  being  a  hindnmce  by  the  closure  of  the  valves  and  the  anastomoses 

the  veins. 

Tbo  venous  flow  is  also  assisted  by  the  suction  actiou  of  the  lieart| 

ice  at  some  time  during  every  cardiao  cycle  the  pressure  falls  below 

it  of  the  atmosphere- 

The  aspiration  of  the  thorax  will  be  considered  more  fully  in  the 
hapter  on  Respiration.  In  this  connection  it  may  he  said,  however, 
lat  the  pressure  in  the  great  veins  falls  during  inspiration  and  rises 

ring  expiration. 

The  Velocity  of  the  Flow. 

The  velocity  of  the  blood-current  at  any  given  point  in  the  varioui 
figions  of  the  circulatory  system  is  inversely  proportional  to  their  sec- 
Dual  area  at  that  point.  If  the  sectional  area  of  all  the  branches  of  a 
e«sel  united  were  alw^ays  the  same  as  that  of  the  vce&el  from  which  they 
iw,  and  if  the  aggregate  sectional  area  of  the  capillary  vessels  were 
|Dal  to  that  of  the  aorta,  the  mean  rapidity  of  the  blood's  motion  in  the 

Klaries  would  be  the  same  as  in  the  aorta;  and  if  a  similar  corre- 
_  ience  of  capacity  existed  in  the  veins  and  arteries,  there  would  be 
equal  correspondence  in  tlie  rapidity  of  the  circulation  in  them.  But 
}  arterial  and  venous  systems  may  be  represented  by  tivo  truncated 
imes  with  their  apices  directed  toward  the  heart;  the  arc4i  of  their 
aited  base  (the  sectional  area  of  the  impillaries)  being  400 — 800  times 
great  as  that  of  the  truncated  apex  representing  the  aorta.  Thus 
t  velocity  of  blood  in  the  capillaries  is  not  more  than  ^^  of  that  in 
I  aorta. 

/«  thf  Arteritis. — The  velocity  of  the  stream  of  blood  is  greater  in 
I  arteries  than  in  any  other  part  of  the  circulatory  system,  and  in  them 
M  greatest  in  the  neighborhood  of  the  he^rt,  and  during  the  ventricu- 
aystole.  The  rate  of  movement  diminishes  during  the  diastole  of 
a  venlricleSy  and  in  the  parts  of  the  arterial  system  most  distant  from 
a  heart.  Chauveau  ha<*  estimated  the  rapidity  of  the  blood -stream  in 
carotid  of  the  horse  at  over  20  inches  per  second  during  the  heart's 
Itole,  and  nearly  6  inches  during  the  diastole  (520-150  mm.). 
'5 
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Estimation  of  the  Velocity.— Various  ixistmmeiitB  have  been  deriaed 
measuring  the  velocity  of  the  blood-stream  in  the  arteries.  Lndwig's  Strom 
(fig.  IbO)  consists  of  a  U-shaped  glass  tube  dilated  at  a  and  a*,  the  end 
which,  h  and  t\  are  of  known  calibre.  The  bulbs  can  be  filled  by  a  conn 
opening  at  k.  The  instrument  is  so  contrived  that  at  h  and  b'  the  glass  psi 
firmly  fixed  into  metal  cylinders,  attached  to  a  oil 
lar  horizontal  table,  e  &,  capable  of  horismtal  mi 
ment  on  a  similar  table  d  d  about  the  vertictl  i 
marked  in  figure  by  a  dotted  line.  The  opening  in 
when  the  instrument  is  in  position,  as  in  fig.,  < 
responds  exactly  with  those  in  d  <f ;    but  if  e  e 


Fig.  190. 

FIjc.  188.— Ludwijc's  Stromuhr. 

Fig.  100.— Diagram  of  ChauvMu's  InMtnimpnt.  a.  Brus  tube  for  introduction  into  the  ImM 
the  artATy,  and  cuDtaiiiiiig  an  index  ntwdle,  which  paaiies  through  the  elastic  membrane  in  iti  i 
and  luowM  by  the  iiiip«il8«  of  the  blood-cun'ent.  c.  Graduated  scale,  for  measuring  the  eztti 
the  08C illations  of  Uie  iifedle. 


turned  at  right  angles  to  its  present  position,  there  is  no  communication 
tween  h  and  a,  and  i  and  a\  but  h  communicatee  directly  with  i ;  sod 
tuniiHl  througli  two  right  angles  c'  communicates  with  d,  and  c  with  <f,  i 
tliere  is  no  direct  communication  between  h  and  i.  The  experiment  is  | 
formed  in  the  following  way : — The  aitery  to  be  experimented  upon  is  divw 
and  connected  with  two  canulae  and  tubes  which  fit  it  accurately  with  hi 
i^-h  the  central  end,  and  i  the  peripheral ;  the  bulb  a  is  filled  with  olive  oil 
to  a  ]H)int  rather  lower  tlian  k,  and  a'  and  the  remainder  of  a  is  filled  n 
defibrinated  bltHxi ;  the  tube  on  k  is  then  carefully  clamped :  the  tubes  d  i 
d'  are  also  filled  with  defibrinated  blood.  When  everything  is  ready,  the  U 
is  allowed  to  flow  into  (t  through  K  and  it  pushes  before  it  the  oil,  and  1 
the  defibrinated  blood  into  the  artery  through  t.  and  replaces  it  in  a' ;  when 
blood  reaches  the  former  level  of  tlie  oil  in  a\  the  disc  c  c  is  turned  rapj 
tlirough  two  right  angles,  and  the  blood  flowing  through  d  into  a'  again  • 
places  the  oil  which  is  driven  into  a.  This  is  repeated  several  times,  and 
duration  of  the  ex]KTiment  noted.  The  capacity  of  a  and  a'  is  known; 
diameter  of  the  artery  is  also  known  by  its  corresponding  with  the  canuli 
known  diameter,  and  as  the  number  of  times  a  has  been  filled  in  a  given  t 
is  known,  the  velocity  of  the  current  can  be  calculated. 
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u's  instrumeDt,  fig,  190,  conaiste  of  a  thin  brass  tube,  a  in  one  aide 
wMcli  is  a  small  pwrforation  rlo»ed  by  thm  vuIcaniztHi  iodia-rubber.  Pass- 
through  the  rubber  is  a  tine  lever*  one  end  of  which,  elightly  flattened, 
Id  to  the  lumen  of  the  tube,  while  tlie  other  move*i  over  the  face  of  a 
L  The  tube  is  inserted  int<j  the  interior  of  an  artery,  and  ligatures  applied  to 
it,  so  that  the  movement  of  the  blood  may,  in  flowing  through  the  tube,  bo 
iiicml«d  by  the  movement  of  the  outer  extreuiity  of  tbe  lever  on  the  face  of 
»di&L 

Tbe  HctmaiochometeT  of  Vierordt,  and  the  instrumeut  of  Lortet,  resemble  in 
loci  pie  that  of  Chauveau. 

In  ih^  Capillaries, — The  observation  of  Ilales,  E.  IT*  Weber,  and  Yal- 
Utin  agree  very  closely  as  to  the  rate  of  the  bhiod-current  in  the  capil- 
iries  of  the  frog;  and  the  mean  of  their  estimates  gives  the  velocity  of 
le  i^istemic  Ciipiliary  circulation  at  about  one  id  eh  (25  mm.)  per  min- 
^  The  velocity  in  the  capiUaries  of  warm*blooded  animals  is  greater, 
I  the  dog  jV  ^^  lij^  ^^^^^  ('^  ^^  •'J'^  mm.)  a  second.  This  may  Beem 
leoDsistent  with  the  facts,  which  show  that  the  whole  circubition  is 
Komplished  in  about  half  a  minute.  But  the  whole  length  of  capillary 
Is,  through  which  any  given  portion  of  blood  has  to  pass,  probably 
not  exceed  from  ^th  to  ^th  of  an  inch  (.5  mm,) ;  and  therefore 
time  required  for  each  quantity  of  blood  to  traverse  its  own  appointed 
i>7tion  of  the  general  capillary  system  will  scarcely  amount  to  a  second. 
In  the  T  et«,<f.— The  velocity  of  the  blood  is  greater  in  the  veins  than 
t  the  capillaries,  but  less  than  in  the  arteries:  this  fact  depending  upon 
w  relative  capacities  of  the  arterial  and  venous  systems.  If  an  accurate 
rtimate  of  the  proportionate  areas  of  arteries  and  the  veins  correspoTid- 
ig  to  them  could  be  made,  we  might,  from  the  velocity  of  the  artcrhil 
trreut,  calculate  that  of  the  venous,  A  usual  estimate  is,  that  the  ca- 
Icity  of  the  veins  is  about  twice  or  three  times  as  great  as  that  of  tbe 
rter|e&>  and  that  the  velocity  of  the  blood's  motion  is,  therefore,  about 
dee  or  three  times  as  great  in  the  arteries  as  in  the  veins,  8  inches 
mm.)  a  second*  The  rate  at  which  the  blood  moves  in  the  veins 
InaXij  increases  the  nearer  it  approaches  the  heart,  for  the  sectional 
of  the  venous  trunks,  compared  with  that  of  the  branches  opening 
tbcra,  becomes  gradually  less  as  tbe  trunks  advance  toward  the  heart. 
Of  ffuf  Circulation  as  a  WItole. — It  would  appear  that  a  portion  of 
[ilood  can  traverse  the  entire  course  of  the  circulation,  in  the  horse,  in 
a  minute.  Of  course  it  would  require  longer  to  traverse  the  vessels 
mo§t  distant  part  of  the  ertremities  than  to  go  through  those  of 
leck;  but  taking  an  average  length  of  vessels  to  he  traversed, 
\j  he  concluded  that  half  a  minute  represents  the  average  rate, 
t  stated  that  the  circulation  time  in  man  is  probably  not  less  than 
nor  more  than  fifteen  seconds. 
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Satisfactory  data  for  these  estimates  are  afforded  by  the  resali 
ex j>eri merits  to  ascertain  the  rsipidity  with  which  poisons  introduced 
the  blood  are  transmitted  from  one  part  of  the  vascular  system  t< 
other.  The  time  required  for  the  passage  of  a  solution  of  potasi 
fernK;yanidcy  mixed  with  the  blood,  from  one  jugular  vein  (throagli 
right  side  of  the  heiirt,  the  pulmonary  vessels,  the  left  cavities  of 
h^^rt,  and  the  genenil  circulation)  to  the  jugular  vein  of  the  opp< 
Hide,  varies  from  twenty  to  thirty  seconds.  The  same  substance 
trariflrnitted  from  the  jugular  vein  to  the  great  saphena  in  twenty 
ondn;  from  the  jugular  vein  to  the  masseteric  artery  in  between  fif 
and  thirty  HC'tionds;  to  the  facial  artery,  in  one  experiment,  in  heU 
U^u  and  fifteen  seconds;  in  another  experiment  in  between  twenty 
iw4'uiy-{\\i'i  seconds;  in  its  tmnsit  from  the  jugular  vein  to  the  meti 
m\  art^-ry,  it  occujiied  between  twenty  and  thirty  seconds,  and  in 
iitnUiurA^  more  tlian  forty  seconds.  The  result  was  nearly  the  s 
wh)ih'Vi'r  wuH  the  rate  of  the  heart's  action. 

In  nil  tliese  experiments,  it  is  assumed  that  the  substance  inje< 
rriovfrf  with  the  blood,  and  at  the  same  nite,  and  does  not  move  f 
ntn'  \mv\  of  tiie  or«rans  of  circulatitm  tj  another  by  diffusing  i< 
Uiroii^h  llu'  l)lt»od  t>r  tissues  more  (luiokly  than  the  blood  moves.  ' 
iia-piimiilioh  is  sulVu'ionlly  probable  to  be  considered  nearly  certain,  I 
lilt  iiMH'M  jiboNo  mentioned,  as  occupied  in  the  passage  of  the  inje< 
ciibahiiii'pM,  an*  tiioso  in  which  the  portion  of  blood,  into  which  i 
^.1.^  iiiji'i'it'd,  was  carried  from  one  part  to  another  of  the  vascular  syit 

Aimihrr  mode  of  Cv^timating  the  general  velocity  of  the  circnial 
IiIimmI,  i«  bv  (^aliMdating  it  from  the  quantity  of  blood  supposed  tc 
i.HiiaitifMl  in  ilie  body,  and  from  the  quantity  which  can  pass  thro 
Ui<  bi:iii  in  oiich  of  its  actions.  But  the  conclusions  arrived  at  by 
iniibiHl  :»rr  b^s'i  siitisfaotorv.  For  the  total  quantity  of  blood,  and 
.  .t|«.  iiN  «»f  ibiM\iviiiosof  the  heart, have  as  ytt  been  only approxima 
«.-.  i  It  .imil.  Still  tiio  most  canful  of  the  estimates  thus  made  ace 
MM  rM:itl\  uith  those  already  mentioned:  and  it  may  be  assumed  \ 
((.<>  UU»'i[  ni:iy  all  pass  throuiih  the  heart  iu  about  twenty-five  aecondl 
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^  tbe  braia  ebon  Id  be  less,  or  at  least  ebould  be  Biibject  to  less 
from  external  circumstances  tbau  it  is  in  otber  parts,  and  bo 
arteries  are  very  tortuous  and  unastomose  freely  in  the  circle 
which  thus  insures  that  the  supply  of  blood  to  the  brain  is 
though  it  may  by  an  accident  be  dirniuishedi  or  in  some  way 
through  oue  or  more  of  the  principsil  arteries*  The  transit  of 
arteries  through  bone,  especially  the  carotid  canal  of  the  tem- 
le,  may  prevent  any  undue  distention;  aud  uniformity  of  sup- 
rther  insured  by  the  arrangement  of  the  vessels  in  the  pia 
whichj  previous  to  their  distribution  to  the  substance  of  the 
Marge  arteries  break  up  and  divide  into  innumerable  minute 
ending  in  capillaries,  which,  after  frcfpient  communication 
another,  enter  the  brain,  and  carry  into  nearly  every  part  of  it 
ind  equable  streams  of  IdiHid,  The  arteries  are  also  enveloped 
ial  lymphatic  sheath.  The  arrangement  of  the  veins  within 
nm  is  also  peculiar.  The  large  venous  trunks  or  sinuses  are 
>  as  to  be  scarcely  capable  of  eli!U)ge  of  size;  and  composed, 
re,  of  the  tough  tissue  of  the  dura  muter,  and,  in  some  instances 
on  one  side  by  the  bony  cranium,  they  are  not  compressible  by 
which  the  fulness  of  the  arteries  nught  exercise  through  the 
I  of  the  brain;  nor  do  they  admit  of  distention  wlien  the  flow 
I  blood  from  the  brain  is  obstructed. 

eneral  uniformity  in  the  supply  of  blood  to  the  bmin,  which 

Dnred,  is  well  adapted,  not  ordy  to  its  functions,  but  also  to  its 

ae  a  mass  of  nearly  incompressible  substance  placed  in  a  cav- 

inyielding  walls.     These  conditions  of  the  bnun  and  skull  for- 

leared,  indeed,  enough  to  justify  the  opinion  that  the  quantity 

In  the  brain  must  be  at  all  times  the  same.     But  it  was  found 

limals  bled  to  death,  without  any  aperture  being  made  in  the 

the  brain  became  pale  and  ansemic  like  other  parts.     Aud  in 

|n  strangling  or  drowning,  there  was  congestion  of  the  cerebral 

^hile  in  death  by  prussic  sicid,  the  Cjuantity  of  Idood  in  the 

Jtbe  cranium  was  determined  by  the  position  in  which  the  ani- 

ilaeed  after  death,  the  cerebral  vessels  being  congested  when 

1  was  suspended  with  its  head  downward,  and  oomp;iratively 

en  the  animal  was  kept  suspended  by  the  ears.     Thus,  it  was 

,  alihou£:h  the  total  volume  of  the  contents  of  the  cranium  is 

'  vs  the  same,  yet  the  quantity  of  blood  in  it  is  liable 

ase  or  diminution  being  accomiianied  by  a  simub 

iicrease  in  the  quantity  of  the  cerebro-spinal 

'mitting  of  being  rf^moved  from  one  part  of 

'  another,  and  of  being  rapidly  absorbed,  and 
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as  readily  effused,  would  serve  as  a  kind  of  supplemental  fluid  to  tlM 
other  contents  of  the  cranium,  to  keep  it  uniformly  filled  in  cased 
variations  in  their  quantity.  And  there  can  be  no  doubt  that,  althoa^ 
the  arrangements  of  the  blood-vessels,  to  which  reference  has  been  madi^ 
insure  to  the  brain  an  amount  of  blood  which  is  tolerably  uniform,  yH^ 
inasmuch  as  with  every  beat  of  the  heart  and  every  act  of  respiratiiii 
and  under  many  other  circumstances,  the  quantity  of  blood  in  the  cav-j 
ity  of  the  cranium  is  constantly  varying,  it  is  plain  that,  were  thai 
not  provision  made  for  the  possible  displacement  of  some  of  the  cont^ 
of  the  unyielding  bony  case  in  which  the  brain  is  contained,  there  woqI 
be  often  alternations  of  excessive  pressure  with  insufiicient  supply 
blood. 

CJiemical  Composition  of  Cerdn^-spinal  fluid,  ^The  cerebro-spinal  fluid 
trausparent,  colorless,  not  viscid,  witli  a  saline  taste  and  alkaline  reactioD,  a 
is  not  affected  by  heat  or  acids.  It  contains  961-084  parts  water,  sodM 
chloride,  traces  of  potassium  chloride,  of  sulphates,  carbonates,  alkaline 
earthy  phosphates,  minute  traces  of  urea,  sugar,  sodium  lactate,  fatty  mattl^ 
cholesterin,  and  albumen  (Flint). 

In  Erectile  Structures, — The  instances  of  greatest  variation  in  thl 
quantity  of  blood  contained,  ut  different  times,  in  the  same  organs, 
found  in  certain  structures  which,  under  ordinary  circumstances,  an 
soft  and  flaccid,  but,  at  certain  times,  receive  an  unusually  large  qasn-j 
tity  of  blood,  become  distended  and  swollen  by  it,  and  pass  into  the  si 
which  has  been  termed  erection.  Such  structures  are  the  corpora  a 
tiosa  and  corpus  spouijiosum  of  the  penis  in  the  male,  and  the  cliforii 
the  female;  and,  to  a  less  degree,  the  nipple  of  the  mammary  gland 
both  sexes.  The  corpus  cavernosum  penis,  which  is  the  best  examj 
of  an  erectile  structure,  has  an  external  flbrous  membrane  or  sheath; 
from  the  inner  surface  of  the  latter  are  prolonged  numerous  fine  lam< 
which  divide  its  cavity  into  small  compartments  looking  like  cells  wl 
they  are  inflated.  Within  these  is  situated  the  plexus  of  veins  upoft: 
which  the  peculiar  erectile  property  of  the  organ  mainly  depends.  li 
consists  of  short  veins  which  very  closely  interlace  and  anastomose  with: 
each  other  in  all  directions,  and  admit  of  great  variations  of  size,  od-. 
lapsing  in  the  passive  state  of  the  orgtm,  but,  for  erection,  capable  of  ift 
amount  of  dilatation  which  exceeds  beyond  comparison  that  of  tlM( 
arteries  and  veins  which  convey  the  blood  to  and  from  them.  Tki| 
strong  fibrous  tissue  lying  in  the  intervals  of  the  venous  plexuses, 
the  external  fibrous  membrane  or  sheath  with  which  it  is  conned 
limit  the  distention  of  the  vessels,  and,  during  the  state  of  erection,gii 
to  the  penis  its  condition  of  tension  and  firmness.  The  same  gem 
condition  of  vessels  exists  in  the  corpus  spongiosum  urethras,  butaronoi 
the  urethra  the  fibrous  tissue  is  much  weaker  than  around  the  body<4 
the  penis,  and  around  the  glans  there  is  none.     The  venous  blood  M 
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rned  from  the  pluxuses  by  compamtively  small  veins ;  those  from 
glans  and  the  fore  part  of  the  urethrtL  empty  themselves  into  the 
reins  of  the  penis;  those  from  the  cavernoauiii  pms  into  deeper 
m  which  issue  from  the  corpora  cavernosa  at  the  crura  penis;  and 
from  the  rest  of  the  urethra  aud  bulb  pass  more  dh^ectly  into  the 
as  of  the  veins  about  the  prostate.     For  all  these  veins  one  condi- 
ii  the  sanie;  namely,  that  they  arc  liable  to  the  pressure  of  muscles 
they  leave  the  penis.     The  muscles  chiefly  concerned  in  this  action 
le  erector  penia  and  accelerator  uriiue.     Erection  results  from  the 
lion  of  the  venous  plexuses  with  blood.     The  principal  exciting 
in  the  erection  of  the  penis  is  nervous  irritatiun.  originating  in 
part  itself,  or  derived  from  the  brain  and  spinal  cord.     The  nnrvous 
lenre  is  communicated  to  the  peniB  by  the  jnidic  nerves,  which  ram- 
in  its  Yaacular  tisane;  and  after  their  division  in  the  horse  the  penis 
longer  cajmble  of  erection. 

'his  influx  of  the  blood  m  the  first  condition  necessary  for  erection, 
throngh  it  alone  much  enlargement  and  turgescence  of  tlic  penis 
ensue.  But  the  erection  is  probably  not  coniplete,  nor  maintained 
iny  time  except  when,  together  with  this  inllnx,  the  muscles  already 
iioned  contract,  and,  by  compressing  tlie  veins,  stop  the  eMux  of 
,  or  prevent  it  from  being  as  groat  as  the  influx. 
appears  to  be  only  the  most  perfect  kind  of  erection  that  n ceils 
Ip  of  muscles  to  compress  the  veins;  ami  noTie  sncb  can  materially 
the  erection  of  the  nipples,  or  tliat  umount  of  turgescence,  just 
Lg  short  of  erection,  of  whicli  the  spleen  and  many  otlier  parts  are 
jiable.  For  such  turgescence  nothing  more  seems  necessary  tlian  a 
plexiform  arrangement  of  the  veins,  and  such  arteries  as  may  ad- 
it, upon  occasion,  augmented  quantities  of  blood. 
The  circulniion  in  the  LntufH,  Liver,  and  Kid  my  s  will  be  described 
EMkr  their  respective  hetids. 

The  Regulation  of  the  Blood-Flow. 

The  flow  of  blood  is  not  always  the  same,  but  varies: — 

(^)  With  alterations  in  the  force  and  frequency  of  the  contractions 

of  the  heart;  and 
(h*)  With  variations  of  the  peripheral  resistance. 

It  18  obTiouB  that  the  flow  of  blood  may  be  increased  under  the 
Bowing  circumstances: — 

(ik)  If  the  force  and  frequency  of  the  heart's  beats  be  increased,  and 
Ifac  peripheral  resistance  be  (1)  unchanged,  or  be  (2)  diminished. 

(h.)  If  the  force  and  frequency  of  the  heart  be  unchanged,  and  tha 
peripheral  resistance  be  diminished. 
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And  may  on  the  other  hand  be  diminished: — 

(c.)  If  the  force  and  frequency  of  the  heart's  beats  be  diminisha^ 
and  if  the  peripheral  resistance  be  (1)  nnchanged,  or  be  {2)  h 
creased. 

(d.)  If  the  force  and  frequency  of  the  heart's  beats  be  anchangei 
and  the  peripheral  resistance  be  increased. 

When  the  force  and  frequency  of  the  heart's  contractions  are  i^ 
creased  and  at  the  same  time  the  peripheral  resistance  is  increased,  thj 
flow  may  be  increased^  diminished,  or  unchanged,  according  as  either  d 
the  two  factors,  cue  of  which  tends  to  increase  the  flow,  and  the  othi 
to  diminish  it,  is  more  markedly  increased,  or  if  they  are  balanced.  Tij 
complemental  proposition  is  also  true,  that  the  flow  may  be  increasd( 
diminished,  or  unchanged,  when  the  force  and  frequency  of  the  heui^^ 
contractions  are  diminished,  and  the  peripheral  resistance  is  diminishei 

The  conditions  of  increased  flow  and  of  increase  of  blood  pressnn 
are  not  the  same.  Indeed,  the  greatest  blood-flow  may  occur  when  tiM 
blood  pressure  is  low,  i.e.,  when  the  peripheral  resistance  is  diminishdl 
and  the  heart*s  beat  is  incre^ised  or  is  unchanged.  In  fact  there  is  OB^ 
one  condition  in  which  increased  blood-flow  is  accompanied  by  increaad 
blood-pressure,  viz.,  when  the  heart's  beat  is  increased  and  the  periph# 
ral  resistance  is  unchanged. 

It  will  be  necessary  now  to  consider  (a)  the  ways  in  which  thefvra 
and  frequency  of  the  Jieart*s  t^ats  are  regulated  ;  and  also  (b)  the  ways  M 
which  the  peripheral  resistance  is  increased  or  diminished.  We  shil 
afterward  be  in  a  better  position  to  discuss  the  variations  of  blooA 
pressure  produced  by  different  combinations  of  cardiac  and  arterid 
alterations. 

{a,)  The  force  and  frequency  of  the  contractions  of  the  heart 
may  be  considered  to  depend  upon: 

1.  The  properties  and  condition  of  the  heart-muscle  itself; 

2.  The  influence  of  the  ceutral  nervous  system;  , 

3.  The  amount  of  thv»  blood  passing  into  the  heart's  cavities; 

4.  The  amount  of  pressure  to  be  overcome. 

5.  The  coronary  circulation. 

Each  of  these  factors  must  be  considered  seriatim.  i 

1.  Tlie  properties  of  the  heart-mnscle, — It  has  already  been  poiafcl 
out  that  in  structure  the  muscular  fibres  of  the  heart  differ  fromskelel 
muscle  on  the  one  hand,  and  from  unstriped  muscle  on  the  other,  occng 
ing,  as  it  were,  an  intermediate  position  between  the  two  varieties.  T\ 
heart-muscle,  however,  possesses  a  property  which  is  not  possessed  by  skell 
tal  muscle,  or  by  unstriped  muscle  to  such  a  degree,  namely,  the  propen 
of  rhythmical  contractility.     The  property  of  rhythmic  contractk 


filiown  by  the  action  of  the  heart  within  the  body;  it«  systole  ia  fol- 
PPCfl  by  iU  diastole  in  rcguhir  eequeuce  throiigliout  tho  life  of  the 
idiTidual.  The  force  and  frequency  of  the  systole  may  vary  from  time 
time  as  occasion  requires,  but  there  Is  ii(t  interruption  to  the  action 
the  normal  heart,  or  any  interferenee  with  its  rbythmicid  eontrao- 
Fnrther,  we  find  that  in  nn  animal  rapidly  bled  to  death,  the  he^rt 
mllnaes  to  beat  for  a  time,  varying  in  duration  with  the  kind  of  ani- 
experi men tilly  dealt  with,  and  in  the  entire  absence  of  bk*od  within 
heart -chambers;  and  still  further,  if  the  heart  of  an  animal  be  re- 
lOTed  from  the  body,  it  still,  for  a  varying  time,  continues  its  alternate 
mtalic  and  diastolic  movements.  Thus  we  see  that  the  power  ol 
lythmjc  contraction  depends  neither  upon  connection  with  the  central 
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Flir.  IDI. 


F\k.  lt)I  A. 


»w  T-.t ,  — jhe  heart  of  a  frog  C  Rana  eficiilenta)  from  tlie  front,     \\  Veiitricli* :  Ad,  riplit  fiartJ  - 
I  le;  B,  bulbus  c«i«rio  ii»,  iUvidinE  iutti  ripht  and  left  aotUsb.    (Ecker  ) 

A— The  heart  of  a  frop  (k*iua  »^8Cul*ptA>  fmm  tlit*  bnt?k.    s.  v.,  Hiiius  venosjH  ipeuer^ . 
^  .  ,  .  . .  vena  cava  supfftior;  c.  *.  ci..  right  veua  eava  sujierior;  c.  t.,  vena  cava  wfLTior  ;  tv  p  , 
to  |iixij»Qtmk«;  A.d.,  rij^lit  auricle;  ^ji.,  left  aurjcle;  A.p.^  cipening  of  oommunicatior,  1^^««q  w, 
hft  aoncle  aad  the  siuuii  veno^im,    x  ^r^-^.    (Ecker.) 


eystem,  nor  yet  npon  the  stimiihition  pn>dnced  by  thes  presence 
Mood  within  its  chambers— it  is  automatic*  The  cause  of  this 
ythmic  power  has  been  the  subject  of  much  discussion  and  experi- 
lal  obserration.  Up  to  a  conipiiratively  short  time  ago,  the  remark- 
ite  property  of  the  heart  to  continue  its  rhythmical  contractions  after 
loral  from  the  body  was  believed  to  be  connected  in  some  way  or 
Bk  with  the  presence  of  collections  of  nerve  cells,  or  ganglia  in  sev- 
H^'^r^^  ^^  ^^^  tissue.  Ahhongh  this  idea,  as  we  shall  presently  see^  haa 
mm  het-n  vt?ry  generally  given  np,  it  may  he  as  well  to  describe  shortly 
ma»  ganglia  in  thii  pbice;  tbey  hiivc  beru  t^tudi*^!  more  particularly 
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in  the  heart  of  the  frog,  of  the  tortoise,  and  of  other    cx>ld-l 
ariimals. 

In  the  frog's  heart  (fig.  191)  these  gtmglia  consigt  of  thna 
groups.  The  first  group  is  eitimted  in  the  wall  of  the  sinus  ! 
at  the  junction  of  the  sinus  with  the  right  anriele  (Remak^i 
second  group  is  placed  near  the  junction  between  the  anriclea  ai 
triclo  {Bidder's);  and  the  third  in  the  septum  between  the  fl 
(v.  BezQM'ay 

The  nerve  colls  of  which  these  ganglia  are  composed  are  ge 
unipolar,  and  seldom  bipolur;  sometiniea  two  cells  are  said  io  i 
the  same  envelope^  eanfititiiting  the  twin  cells  of  Dogiel.  TB 
are  lurge,  and  have  very  hirge  round  nndei  and  nucleoli  (fig. 
Ganglion  cells  have  not  been  found  in  the  lower  part  of  the  veutri 

As  re^irdfl  the  automatic  mov( 
of  the  hesirt  nmioved  from  the  ho 
chief  knowledge  has  been  derived 
the  study  of  the  hearts  of  the  fix 
tortoise* 


rtK  i»3. 


Fte.ltt 
iticfi:  w 


\.  IW.— Cc»urs*'  <»f  th**  iieri^<«  In  the  nupteular  partition  w*n  * 

\v&  f  rojjj'si  ht»art. 
Duclectlua;  P^  ptiycem.     (Fitmi  EckerJ 


T\m,  lltS.— l«olAied  in-rve-c*IU  from  tlie  f rojjj'st  ht»art.    I.  Usual  forai.    II.  Twin  ceU-    C, 


If  removed  from  the  body  entire^  the  frog's  he^irt  will  contil 
beat  for  niauy  hours  and  even  days,  and  the  beat  has  no  apparent 
ence  from  the  heat  of  the  heart  before  removal;  it  will  take  placej 
have  mentioned,  without  the  presence  of  blood  or  other  fluid  witl 
chambers.  Not  only  is  this  the  case,  but  tlie  auricles  and  ventricl 
be  cat  off  from  the  sinus,  and  both  parts  continue  to  pulsate,  aa 
ther  the  auricles  may  be  divided  from  the  ventricle  with  the  same 
If  the  heart  be  divided  lengthwise,  its  parte  will  contiixue  to  p 
rhythmically,  and  the  auricles  may  be  cut  up  into  pieces,  and  the 
will  continue  their  movementa  of  rhythmical  contniction. 

It  will  he  thus  seen  that  the  rliytlimicul  movements  appear 
more  marked  in  the  parts  supplied  hy  the  ganglia,  as  the  apical  p 


THE   CIRCULATION    OP  THE   BLOOD, 


235 


(  the  Tentricle,  Ui  wliich  ganglia  have  not  been  found,  does  not,  under 
idinary  circumstancea,  possess  the  power  of  automatic  movement. 

It  has,  however,  been  shown  by  Gaskell  that  the  extremo  apex  of  the 
imtricle  of  the  heart  of  the  tortoise,  which  containa  no  ganglia ,  may 
mder  appropriate  stinmli  be  made  to  contnict  rhjthmicatly.  This 
VOTea  thiit  the  muecolar  tissue  of  the  heart  itself  is  capable  of  rhyth- 
contniction  independent  of  the  ganglia.  Thus  it  seems  probable 
hat  the  rhythmic  contractility  of  the  heart  m  a  power  inherent  in  the 
iOdcular  tissue,  which  is  quite  independent  as  far  as  its  commencement, 
;  «j J  rate,  ia  concerned  of  nerve  influence. 
The  heart-muscle  exhibits  another  property  which  distinguiaheB  it 

kiordiiiiiry  skeletal  muscle,  vix.,  the  way  in  whicli  it  reacts  to  stimuli, 
_      latter  as  will  be  described  at  greater  length  in  its  appropriate  place, 
!ta  slightly  to  a  slight  stimulus  above  the  minimal,  and  with  an  in- 
of  the  strength  of  the  stimuli  will  give  increasingly  ample  con- 
ions  until  the  maximum  contraction  is  reached;  in  the  case  of  the 
beats  this  is  not  so,  since  the  minimum  stimulus  which  huH  any 
u  followed  hy  the  maximum  mn  tract  ion;  iti  other  words  the  weuk- 
I  effectual  stimulus  brings  out  as  great  a  beat  as  the  strongest.      There 
another  great  difference  between  the  contraction  of  the  heart  and  of 
laletal  masele,  viz.,  the  tnahiiitt/  of  the  former  to  ent^r  info  a  state  of 
HM  under  the  influence  of  stimuli  repeated   very  rapidly.     If  the 
ft  be  stimulated  by  a  series  of  rapid  interrupted   induction  shocks, 
i^  no  summation  of  the  contractions,  us  there  would  he  supposing 
inary  skelet^il    muscle  were  stimuluted  in  the  same  way.     This 
lOmenoD  is  said  to  be  due  to  the  following  fact,  viz.,  that  in  order  to 
nee  an  extra  contraction  of  the  excised  frog's  heart,  the  stimulus 
LQdt  be  applied  during  diastole  or  period  of  rest  or  relaxation^  and  in 
f  the  next  contraction  hajipens  at  an  earlier  period  than  if  the 
las  were  not  applied.     If  applied  during  tlie  systole,  the  stimulus 
scarcely  any  effect;  the  period  during  w^hich  the  muscle  is  refractory 
stimuli  is  much  longer  in  the  case  of  the  heart  than  in  the  case  of 
r  muscles.     In  order  to  produce  a  tetanus  in  skeletal  musek\  tiie 
ud  stimulus  must  be  sent  into  the  muscle  before  it  has  had  time  to 
iver  from  the  effect  of  the  first  stimulus  and  relax,  and  so  on  with 
third,  fourth,  and  other  stimuli.     If,  as  we  may  suppose,  the  same 
iditions  for  the  production  of  tetanus  are  necessary  in  heart-muscle, 
reasons  of  the  impossibility  of  producing  tetanus,  i.e,  that  a  stim- 
applied  during  contraction  is  ineffectual,  are  sufficiently  obvious, 
appeurs,  however,  that  if  the  stimuli  are  sufficiently  strong  and  rap- 
peated,  the  refractory  period  during  which  the  muscle  is  prac- 
Ij  insensible  to  stimuli  diminishes,  and  a  very  rapid  repetition  of 
beats  occurs.     As  a  rule  the  beata  are  fewer  with  rapid  stimulation* 
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In  conDection  with  the  rhjthtnic  contraction  of  mnscle,  it  is  neoa 
sary  to  allude  briefly  to  what  is  known  as  Stannius'   czperimeni 
This  experiment  consisted  originally  of  applying  a  tight  ligature  to  ti 
heart  between  the  sinus  and  the  right  auricle,  the  effect  of  which  istoi 
the  beat  of  tke  heiirt  below  the  ligature,  while  the  sinus  and  the  n 
leading  into  it  continue  to  beat.     If  a  second  ligature  be  applied  at 
junction  of  the  auricles  and  ventricle,  the  ventricle  may  begin  to  bii 
slowly,  while  the  auricles  continue  quiescent.     In  both  cases  the  qnii 
cent  parts  of  the  heart  may  be  made  to  give  single  contractions 
response  to  mechanical  stimulation.    A  considerable  amount  of  discnsi 
has  arisen  as  to  the  explanation  of  these  phenomena.     It  was  suj 
that  the  action  of  the  ligature  is  to  stimulate  some  inhibitory  nerfol 
mechanism  in   the  sinus,  whereby  the  auricles  and  ventricle  can 
longer  continue  to  contract,  but  this  suggestion  must  certainly  be  gi^ 
up  if  the  present  theory  as  to  the  functions  of  the  nerve  ganglia  be  c 
rect.     It  may  be  that  the  effect  of  Sttinnius'  ligature  is  simply  an 
pie  of  what  has  been  called  by  Gaskoll  blocking.     The  explanation  i 
this  term  is  as  follows: — it  appears  that  under  normal  conditions 
wave  of  contraction  in  the  heart  starts  at  the  sinus  and  travels  dovi 
ward  over  the  auricles  to  the  ventricle,  the  irritability  of  the  mi 
and  the  power  of  rhythmic  contractility  being  greatest  in  the  sinus,  kl 
in  the  auricles  and  still  less  in  the  ventricle,  while  under  ordinary 
ditions  tlie  apical  portion  of  the  ventricle  exhibits  very  slight  irritabili 
and  still  loss  power  of  spontaneous  contraction.     Thus  it  may  be  n 
posed  that  the  wave  of  contraction  beginning  at  the  sinus  is  more  . 
less  blocked  by  a  ring  of  muscle  of  lower  irritability  at  its  junction  wm 
the  auricles,  and  again  the  wave  in  the  auricles  is  similarly  delayed : 
its  passage  over  to  the  ventricle  by  a  ring  of  lesser  irritability,  and  thf 
the  wave  of  contraction  starting  at  the  sinus  is  broken  as  it  were  bd 
at  the  auricles  and  at  the  ventricle.     By  an  arrangement  of  ligatureSyi 
better,  of  a  system  of  clamps,  one  part  of  the  heart  may  be  isolated  froi 
the  other  portion,  and  the  contraction  when  stimulated  by  an  inductii 
shock  may  be  made  to  stop  in  the  portion  of  the  heart-muscle  in 
it  begins.     It  is  not  unlikely  that  the  contraction  of  one  portion  of 
heart  acts  as  a  stimulus  to  the  next  portion,  and  that  the  sinus  contii 
tion  generally  begins  first,  since  the  sinus  is  the  most  irritable  to  stimi 
and  possesses  the  power  of  rhythmic  contractility  to  the  most  higl 
develoj^ed  degree.     It  must  not  be  thought,  however,  that  the  wave 
contraction  is  incapaV)le  of  passing  over  the  heart  in  any  other  directM 
than  from  the  sinus  downward;  it  has  been  shown  that  by  applicatk 
of  appropriate  stimuli  at  appropriate  instants,  the  natural  sequenoe 
beats  may  be  reversed,  and  the  contraction  starting  at  the  arterial 
of  the  ventricle  may  pass  upward  to  the  auricles  and  then  to  the 
in  order. 
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An  exceedingly  interesting  fact  with  regard  to  the  passage  of  the 

ID  any  direction  baa  been  nmde  out  by  partial  division  of  the  mus- 

fibres  lit  any  point,  whereby  one  part  of  the  wall  of  the  heart  is 

oonnected  with  the  other  parts  by  &  small  portion  of  undivided 

calar  tiestie^  and  the  wave  of  contntction  then  being  only  able  to 

the  next  portion  of  the  wall  ev^ry  second  or  third  beat.     Thug 

m  of  the  muscle  has  much  the  same  effect  as  partial  clamping  it 

eaiKie  position,  or  of  a  ligature  similarly  applied,  but  not  tied 

Sly.     It  may,  therefore,  be  suggested  that  Htanuius*  ligature  acts  as 

or  complete  blocks  and  prevents  the  stimulus  of  the  sinus- beat 

i  passing  further  down  the  heart,  but  that  the  parts  below  the  ligu- 

may   be  made  to   contract  by  stimuli  applied   to  them   directly. 

riy  all  the  inforuiation  to  bo  obtained  as  to  the  phenomena  of  the 

tion  of  heart-muscle  apart   from  the  rhythmic  action  of  iho 

itaelf,  may  be  obtained  from  a  heart  to  which  a  Stannius'  ligature 

\he&a  applied;  indeed,  the  elTcct  of  minimal   stimuli,  the  elTect  of 

ily  repeated  shocks,  and  the  refractory  2)eriod  of  heart-muscle  may 

^5todied  from  a  heart  in  this  (Condition. 

Telocity  of  the  wave  of  contraction  in  frog's  heart-muscle  has 
^  shown  to  be  |  to  J  inch,  or  10-15  mnh  a  second. 

pointing  out  the  differences  between  the  phenomena  of  contrac- 
[  in  skeletal  and  heart-muscle,  the  similarities  between  the  two  are 
to  be  overlooked;  thus  it  has  been  shf»wn  that  the  effect  of  cold, 
,  fati^e,  and  other  influences  have  very  much  the  same  effect  in 


J%s  influence  of  the  renfral  nervous  ^f/siem, 

heart  is  capable  of  automatic  rhythmic  movement,  as  hns  been 

rijT  shown  by  its  behavior  when  removed  from  the  body,  and  it  has 

shown  further  that  there  is  reason  for  l>elieving  that  the  power 

in  the  inherent  property  of  its  muscle  hbrus  tliemselves.     While 

bodjr,  however,  the  heart's  beats  are  under  control  of  the  central 

la  system.     To  this  nervous  control,  we  must  next  direct  our  at- 

The  influence  which  is  exerted  by  the  central  nervous  system 

to  be  of  two  kinds,  firstly,  in  iJw  direclion  of  Hhwuifi  or  inhihit- 

\tk6heai^^  and  secondly,  in  the  direciion  of  accehraHmj  or  aupfienf' 

^Hb  beaiii.     The  influence  of  the  first  kind  is  brought  to  bear  upon 

irt  through  the  fibres  of  the  vagi  nerves,  and  that  of  the  second 

(through  the  sympathetic  fibres. 

luence  of  the  Vagi. — ^It  has  long  been  known,  indeed  ever  since 

riments  of  the  Bros.  Weber  in  1845,  that  stimulHtion  of  one  or 

^tagi  produces  slowing  of  the  beats  of  the  heart.     It  has  since  been 

in  all  of  the  vertebrate  animals  experimented  with,  that  this  is 

action  of  vagus  stimulation.     Moreover,  section  of  one  nerve, 
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or  at  Piuy  raio  of  both  vagi,  prodocea  acceleration  of  the  pnlse,  an' 
uiation  of  the  distal  or  peripheral  eod  of  the  divided  nerro  p| 
normally  slowing  or  atopping  of  the  heart's  beats. 

It  appears  that  any  kind  of  stimDhis  produces  the  same  e£bctj 
chemical,  mechanifial,  electrical,  or  thermal,  but  that  of  these  til 
potent  is  a  rapidly  interrupted  induction  current.  A  certain  ami 
confusion  hiis  arisen  as  to  the  efloct  of  vagus  stitnulation  in 
quence  of  the  fact  that  within  the  trunk  of  the  nerve  is  con  tail 
some  animals,  fibres  of  the  pympathetic,  and  it  depends  to  some 
upon  the  exact  position  of  the  application  of  the  stimnlas,  as 
exact  effect  produced.  Speaking  generally,  however,  excitation  i 
part  of  the  trunk  of  the  vagus  produces  inhibition,  the  stimulni 
particularly  potent  if  applied  to  the  termination  of  the  vagi 
heart  itself,  where  they  enter  the  substance  of  the  organ  at  the  bH 
of  the  Rinus  ganglia.  The  stimulus  may  be  applied  to  either  vagi 
effect,  although  it  is  frequently  more  potent  if  applied  to  the  m 
the  right  side*  The  effect  of  the  stimulus  is  not  immediately  sed 
or  more  beats  may  occur  before  stoppnge  of  the  henrt  takes  plai 
slight  stimulation  may  produce  only  slowing  and  not  complete  bU 


Ftg.  U»4.— TracJiiK  Bliowliig  the  aetiutis  of  tho  va^a  on  iht*  heart.  Aur,,  Auricular:  « 
iric"lilH.r  Irauln^.  Ttie  ftart  loetwefii  iw^riwiidiculiir  liii«*H  iiitlk  titi'H  jK-riixi  of  va^irufi  »iiniulAJ 
indleatefi  that  i he  secondary  coil  was  H  cm.  fnmi  th«*  priniRry.  Tfat«  |iart  of  tracing^  I 
Hhuviii  ihc"  rf'gulitr  Cfiatrn^tiotiHuf  tiHiderattf  het^ht  tjefiin?  titimulalion.  Uurin^;  HtiTtiiiiauoi 
Bdiini*  tiiin*  nCttr.  th*^  ti«&iN  nf  uuHcle  ami  vontrirlni  rvv  arr«*tM.  Afler  they  couiinenoe^l 
ar«  Ehinjcle  at  tU'^t^  but  fumu  acquire  a  miK'ti  grcuit-LT  iimpUtud«»  thiui  before  the  appJicACiii 
■tiniuluH.    (Fium  BruDl4>n,  ftfi«rOa»kell ) 

of  the  heart.  The  stoppage  may  be  due  either  to  prolongation 
diastole,  as  is  usually  the  case,  or  to  diminution  of  the  systole. 
stiniulatiun  inhibits  the  spontaneous  beats  of  the  heart  only^  it  di 
do  away  with  the  irritability  of  the  heart-muscle,  since  mechanicd 
ulation  may  bring  out  a  beat  during  the  still-stand  caused  bj 
stimulation.  The  inhibition  of  the  beats  varies  in  duration,  but 
stimulation  be  a  prolonged  one,  the  beats  may  reappear  before  tb 
rent  is  shut  off.  When  the  beats  reappear,  the  first  few  are  I 
feeble,  and  may  be  auricular  only;  after  a  time  the  contractions  l 
more  and  more  strong,  and  very  soon  exceed  both  in  amplitui 


icj  tbose  which  occurred  before  the  application  of  the  Btimuliii 
194). 
nfluence  of  the  Sympathetic. — The  influence  of  the  sympathetic 

be  considered,  to  a  cerlain  extent,  as  the  reverse  of  that  of  the 
8.  Stimulation  of  the  sympathetiCj  even  of  one  side,  produces  ac- 
fttion  of  the  heart-beats,  and  according  to  certain  observers,  section 
le  same  nerve  produces  slowing.  The  acceleration  .produced  by  stim- 
on  of  the  sympathetic  fibres  is  accompanied  by  increased  force,  and 
m  action  of  the  nerve  is  more  properly  termed  atipmnlor.  The 
m  of  the  sympathetic  differs  from  that  of  the  vagus  in  several  par- 
ars  besides  the  augmentation  which  is  produced :  firstly,  the  stimulus 
irted  to  produce  any  effect  must  be  more  powerful  than  is  the  case 

tJie  Tagns  stimulation;  secondly,  a  longer  time  lapses  before  the 
kis  manifest;  and  thirdly,  the  augmeii tuition  is  followed  by  exhaus- 

the  beiits  being  after  a  time  fe ebb  and  less  frequent. 
Nig^in  of  the  cardiac  nerve-fibres.— The  fibres  of  the  sympa- 
c  system,  which  influence  the  heart-beat  in  the  frog,  leave  the 
J  cord  by  the  anterior  root  of  the  third  spinal  nerve,  and  pass 
(se  by  the  ramus  communicans  to  the  third  spinal  ganglion,  thence 
e  second  spinal  ganglion,  and  thence  by  the  annulus  of  Vieusaens 


Vn,r            ''""^' 

'    "'''11/ 

Anr, 

^^i!L.      _ 

^.j^jjxmam^y 

L — TiudnffHhowiiix  diuiiuUhfxl  ainplituiie  tiiiM  sN>s\iiiikc  of  ihe  pulRatlona  of  the  auricle 
'     vittiout  complete  Btoppsge  during  In  itatioti  uf  tlie  v&giut.     ( From  BruMou,  af Ler 


id  the  subclavian  artery)  to  the  first  spinal  ganglion,  and  thence  in 
tukin  trunk  of  the  sympathetic,  to  near  the  exit  of  the  vagus  from 
raknium,  where  it  joins  that  nerve  and  runs  down  to  the  heart  within 
l^ith,  forming  the  joint  vago-Bymputhetic  trunk. 
1  the  dog,  the  augmentor  fibres  leave  the  cord  by  the  second  and 
.  dorsal  nerves,  and  possibly  by  anterior  roots  of  two  or  more  lower 
My  passing  by  the  rami  comnmnieautes  to  the  ganglion  stel latum, 
rst  thoracic  ganglion,  thence  by  the  annulus  of  Vieussens  to  the 
tor  cervical  ganglion  of  the  sympathetic  fibres  from  the  annulus,  or 
the  inferior  cfTvical  ganglion  proceed  to  the  heart. 
torn  tl^  fact  thi^t  the  augmentor  fibres  are  joined  to  the  vagus 
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trunk,  it  may  be  underBtood  that  the  effect  of  the  stimnlation  of  the 
vagus  in  the  frog  is  not  in  all  eases  purely  inhibitory,  but  may  be  ang* 
mentor,  according  to  the  position  where  the  stimulus  is  applied,  tht 
intensity  of  the  stimulus,  and  the  condition  of  the  heart;  if  it  is  beatii^ 
strongly  a  slight  vagus  stimulation  will  produce  immediate  inhibition. 

The  fibres  of  the  vagus  which  pass  to  the  heart  arise  in  the  medalb 
oblongata,  in  the  fiuor  of  the  fourth  ventricle,  and  in  a  nucleus  of  gmj^ 
matter,  the  exact  position  of  which  will  be  indicated  in  a  future  chap- 
ter. It  was  formerly  thought  that  the  inhibitory  fibres  in  the  v; 
trunk  were  derived  from  the  spinal  accessory  nerve,  but  this  view 
been  largely  abandoned.  The  spinal  accessory  fibres  probably  sapj 
certaiu  muscles  of  the  larynx.  It  has  been  found  that  stimulation 
this  nucleus,  which  is  called  the  cardio-inhibitory  centre,  proda< 
inhibition  of  the  heart-beat.  jj 

Thus  there  is  no  doubt  that  the  vagi  nerves  are  simply  the  media  ofl 
an  inhibitory  or  restraining  influence  over  the  action  of  the  heart,  whieU 
is  conveyed  through  them  from  the  centre  in  the  medulla  oblongata^ 
which  is  always  in  operation.     The  restraining  influence  of  the  centre, 
in  the  medulla  may  be  reflexly  increased  by  stimulation  of  almost  anf] 
afferent  nerve,  particularly  of  the  abdominal  sympathetic,  so  as  to  pn> 
duce  slowing  or  stoppage  of  the  heart,  through  impulses  from  it  passiiij 
down  the  vagi.     As  an  example  of  this  reflex  stimulation,  the  wdl 
known  effect  on  the  heart  of  a  violent  blow  on  the  epigastrium  may  h 
referred  to.     The  stoppage  of  the  heart's  action  in  this  cjise  is  due  tl 
the  conveyance  of  the  stimulus  by  fibres  of  the  sympathetic  (afferent 
to  the  medulla  oblongata,  and  its  subsequent  reflection  through  the  vaj 
(efferent)  to  the  muscular  substance  of  the  heart.     It  is  possible  thatth 
power  of  the  medullary  inhibitory  centre  may  in  a  similar  manner  h 
reflexly  /essrned  so  as  to  produce  accelerated  action  of  the  heart. 

The  course  of  the  augmentor  fibres  in  the  spinal  cord  is  not  know^ 
but  it  is  thought  that  in  all  probability  they  are  connected  with  an  ai 
mentor  centre  in  the  medulla.     The  circulation  of  venous  blood  ap] 
to  stimulate  the  inhibitory  centre,  and  of  highly  oxygenated  the  a) 
mentor  centre. 

In  addition  to  direct  and  reflex  stimulation  it  is  almost  certain  thi 
impulses  passing  down  from  the  cerebrum  may  have  a  similar  effect 

Other  hifliiences  Affecting  the  Heart-Beat, — Alteration  of  tempen 
ture. — The  effect  of  cold  is  to  slow  the  heart-beats,  and  if  the  heart  1l 
cooled  down  to  3°  C.  (38°  F.)  it  will  stop  beating.  The  heart  may  1^ 
frozen,  and  when  thawed  will  continue  its  spontaneous  beats.  Tk 
effect  of  heat  is  to  quicken  and  shorten  the  heart-beats,  but  at  a  modfli 
ate  temperature,  20°  C.  (68°F.),  the  contractions  are  increased  in  foroi 
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i  or  bvlo\r  iO*'  C,  (10-1"*  F.)  the  coDtratioiaa  are  so  rapid  as  to  pass  into 
t*rigor;  this  may  be  stopped  by  cooling. 

Poisons  and  other  chemical  substances,-- A  large  o umber  of 
ic^  fiubst:inee3  have  a  distinct  elfe€t  upon  the  cardiac  contractions. 
the  most  important  are  atropin  and  muMarin. 
Atropin  produces  consideruiblc  augmentation  of  the  heart-beats,  and 

i  acting  upon  the  hejirt  prevents  the  results  of  vagus  stimulation, 
Mu^carin  (obtained  from  various  specios  of  poisonous  fungi)  pro- 
[  marked  slowintj  of  the  heart-beats,  and,  in  larger  doses,  stoppage 
Ube  heart.  It  produces  a  similar  effect  to  that  of  prolonged  vagus 
[lalation,  and  as  in  that  case  the  effect  can  be  removed  by  the  action 
(atropin. 
IH^talin  (the  active  principle  of  digitalis  purpurea),  slows  the  heart 
I  appears  to  act  by  stimulating  the  vagi.  Ijiiter  on  the  muscle  is  also 
I  excitable.  Verairm  and  aronifin  have  a  similar  effect,  A^icoHm 
xt&  the  effect  of  vagus  stimulation. 


Methods  of  investigating  the  Hcart*beat, 

"ft)  The  simplest  form  of  an  ai»i»aratUK  tr*  l>e  used  for  recordiDg  the  eontrac* 

»tf  the  frog's  beart  consiitiit**  of  a  amall   closed  eylindrical  box  fixed  to  a 

11*1     At   the  bottom   of  the   box  are  two  tubes  by  meana  of  which  water  at 

luas  temperatures  may  be  made  to  circulate  through  it.  one  tube  being  the 

i  iuid  the  other  tlie  outlet,  and  they  are  connected  witli  india-rubber,  suit- 

>  lor  tiie  purpose  of  cNJoductiug  water  to  and  from  the  apparatus.     The  lever 

>  of  a  piece  of  glass  rod  which   is  softened  and  drawn  out  in  tlie  flame 

Ffte  blow-pipe  a  very  fine  thread,  leaving  a  small   piece  unaltered  to  act  as 

at€:rp»oise»     The  lever  is  theu  passc^d  Utrough  a  piece  of  cork  and  thn>ugh 

I  cork  a  fine  needle  is  inserted  at  right  angles  to  the  lever.     The  needle  is 

ti>  rest  on   a  support  attached  aliove  one  side  of  the  box  in  such  a  way 

S  the  lever  has  free  movement  up  and  down.     Another  BUiall  piece  of  cork 

along  the  lever  arm  aud  is  adjunteil  and  cut  so  that  its  point  directed 

can  rest  upjn  the  frc^^s  heart,  which  is  i^emoveti  from  the  body  and 

upon   the  top  of  the  box  in  eeruni  or  defihrinated  blood.     In  this  way 

» contractions  of  the  auricles   and  ventricle   are  communicatetl  to  the  lever, 

may  be  made  to  write  tipiin  a  recording  cylinder. 

The   variations  of   endocardial   pressure,  which  correspond,  of  course, 

Taxious  phases  of  the  cardiac  cycle,  may  bo   recorded  by  a  modifica- 

l  of  the  ordinary  mercurial  manometer.     The  apparatus  is  best  used  with  a 

►  frog  {Rami  escidenta),  and  the  heart  is  expose<i  in  the  usual  manners  the 

limn  opened.     A  cut  is  mad**  into  the  bulb,  and  by  this  means  a  double 

can^iUi  (fig,  190)  i»  passed  into  the  ventricle,  a  ligature  is  passed 

the   heart,  and  the  canula  is  tied  in  tightly.     The  vessels  are  then  di- 

I  beyond  the  ligature,  and  the  canula.  wilh  the  heart  attached,  is  removed. 

r  atem  of  the  canula  a  tube  is  attached,  communicating  with  a  reservoir 

lotion  of  dried  blood  in  .6  saline  solution,  and   filtercni,  which   is  capa- 

Eo#  beitig^  raised  or  lowered  in  temperature  by  lieing  surronnded  by  a  metal 

:  which    contains  hot,  cold,  or  iced  water.     Attached  to  the  other  end  is  a 

i6 


^ 
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similar  tube,  which  communicates  by  a  T  piece  with  a  small  mercurial 
ometer,  provided  with  a  writing  Btjle,  and  also  with  a  vessel  into  whic 
serum  is  received.  The  apparatus  being  arranged  so  that  the  moveme 
the  mercury  can  be  recorded  by  the  float  and  the  writing  style  on  a  s 
revolving  drum,  and  after  some  serum  has  been  allowed  to  pass  freely  thi 
the  ventricle,  both  tubes  are  clipped,  the  second  one  beyond  the  T  piece 
the  alterations  in  tlie  pressure  are  recorded.  The  effects  of  fluids  at  vi 
temperatures  and  of  poisons  may  be  recorded  in  the  manner  indicated  alx 
(8)  By  Roy's  Tonometer  (fig.  197)  the  alterations  in  volume  which  a  1 
heart  undergoes  during  contrac- 
tion are  recorded  by  the  follow- 
ing means:  A  small  bell- jar, 
open  above,  but  provided  with  a 
firmly  fitting  cork,  in  which  is 
fixed  a  double  canula,  is  ad- 
justable by  a  smoothly  ground 
base  upon  a  circular  brass  plate. 


V 


Fi«r.lM. 


Fig.  IW. 


Pig.  190.— Kronecker*B  Perfusion  Canula.  for  supplying  Fluids  to  the  interior  of  the 
Heart.  It  consists  of  a  double  tube,  one  outsido  the  other:  the  end  view  is  shown  in  the  eupr 
The  inner  tube  branchen  out  t4>  the  left:  thuK,  when  the  ventricle  is  tied  to  the  outer  tube  ofU 
ula,  a  current  of  liquid  can  be  mode  to  pass  into  the  heart  by  one  tube  and  out  through  the  ol 

Fig.  1»7.— Roy's  Tonometer. 


about  2  to  8  inches  in  diameter.  The  jimction  is  made  complete  by  % 
ing  the  base  with  lard.  In  the  plate,  which  is  fixed  to  a  stand  adjustali 
an  upright,  are  two  holes,  one  iu  tlie  centre,  a  large  one  about  one- 
of  an  inch  in  diameter,  to  which  is  fixed  below  a  brass  grooved  o 
about  half  an  inch  deep ;  the  other  hole  is  the  opening  into  a  pipe  pro^ 
with  a  tap  (stopcock).  The  opening  provided  with  the  collar  is  closed  i 
lower  part  with  a  membrane  of  animal  tissue,  which  is  loosely  tied  by  d 
of  a  ligature  around  the  groove  at  tlie  lower  edge  of  tlie  collar.  To  this  i 
brane  a  piece  of  cork  is  fastened  by  sealing-wax.  from  which  passes  a 
which  can  be  attached  to  a  lever,  fixed  on  a  stage  below  the  apparatus. 

When  using  the  apparatus,  the  liell-jar  is  fixe<l  by  means  of  lard,  an< 
jar  is  filled  with  olive  oil.  In  the  waj'  al)ove  described,  the  heart  of  a 
frog  is  prepared  and  the  canula  fixed  in  the  cork  is  firmly  tied  into  the  1 
the  tubes  of  the  canula  conimuuicating  with  the  reservoir  of  serum  on 
one  hand,  and  with  a  vessel  to  contain  the  serum  after  it  has  run  throa 
the  other.  The  canula  with  heart  attached  is  passed  into  the  oil,  as 
cork  firmly  secured.     By  these  means  the  lever  will  be  found  to  be  adjus 
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loonrenieiit  elevation*     Tlie  lever  is  allowed  to  wriU^  oti  a  rnnviag  drum,  aud 

is  passed  through  at  various  temperatures.     Aft^r  a  eliort  time  the  heart 

stop  beating;   but   two  wires  are  arrangetl,  tlie  one   in  the  eanula,  the 

er  projecting  from  the  plate   in  sueh  n  way  tlint  the  heart  can  l»e  moved 

them  by  shitting  the  position  of  thi*  b^ll  jar  a  little.     The  wires  act  aa 

[ies,  and   Ciin  be  made  to  comisiunieate  with  an    indueticm  Mpparatii8,  su 

;  single  induction  shockB  can  be  sent  into  the  heart  to  jirodnce  eontraetiotiH, 

if  need  be»  by  means  of  the  trigger  key,  at  ooe  tletmite  point  in  the  revo- 

i  of  the  recording  cylinder. 

Hlectrical  Phenomena  of  the  Heart -beat, — The  plienomeiia  of 
natural  bent  of  the  heart  are  generally  e**ii spidered  to  imlicate  that 
sjitolic  contraction  is  a  single  and  not  a  tetjuiic  one.  Tlie  electrical 
support  this  view.  During  the  contraction  a  distinct  electrical 
occurs  which  is  similar  to  that  which  happens  in  skeletal  muscle 
^tch  contraction.  It  has  been  demonstrated  that  a  stunniuscd 
heart  undergoes  two  changes  or  phases  as  regurds  its  electrical  con- 
,  the  first  immediately  before  the  contraction,  in  which  the  excited 
becomes  negative  to  the  other  parts,  contraction  following  the 
of  excitation,  and  the  second  during  relaxation,  in  which  the  cur- 
it  flows  in  an  opposite  way. 
The  Metabolism  of  the  Heart.—Whatever  view  may  be  taken  of 
le  natura  of  the  rhythmic  cardiac  contractions,  it  will  bo  generally 
fknowledged  that  the  contractions  cannot  long  be  maintained  without 
due  supply  of  blood  or  of  a  Bimikr  nutritive  fluid.  Some  very  re- 
kable  facts  have  been  made  out  about  this,  in  the  case  of  the  frog's 
For  instance,  it  has  been  shown  that  normal  saline  solution  is 
icient  to  maintain  the  contractions,  and  that  in  experiments  in 
it  is  necessary  to  maintain  the  beats  for  any  length  of  time  failing 
or  saline  solution  of  dried  blood,  the  solution  should  contain 
^rum-albumin,  and  that  there  should  also  be  present  some  potas- 
chloride,  and  Dr.  Ringer  has  composed  a  nutritive  fluid  which 
limns  chlorides  of  sodium,  potaseiinn,  and  calcium  in  small  amounts, 
is  able  to  maintain  the  normal  beats  of  the  heart.  It  is  therefore 
reasonable  to  suppose  that  the  amount  and  quality  of  the  blood 
iplted  to  the  human  heart  has  the  greatest  intlnence  in  maintaining 
lorce  and  frequency  of  the  rhythmic  activity.  The  view  that  is 
at  present  of  the  action  of  the  hf^art  is  one  propounded  by  Gaskell, 
.,  that  in  heart  muscle  as  in  protoplasm  generally,  the  metabolic  pro- 
are  those  of  anaboliem  or  building  np,  which  takes  place  during 
diastole  of  the  heart ,  that  vagns  stimulation  helps  on  this  process, 
if  catabolism  or  discharge,  which  ts  manifested  in  the  contraction 
heart,  and  which  is  accelerated  by  stimulation  of  the  sympathetic 
That  vagus  stimulation  is  therefore  ultimately  beneficial  to  the 
tmctions.     The  electrical  currents  set  up  on  the  stimulation  of  the 
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vagtia  and  of  the  Bympathatic  are  in  oppofiite  directioBB,  aod  so  if  i 
kells  contention  is  correct  that  th©  negative  variation  of  the  mq 
current  occurring  on  sympathetic  stimiiktion  is  a  sign  of  catabolismJ 
result  of  vagus  stimulation,  viz*,  a  positive  variation  of  the  muscle  j 
rent,  may  be  supposed  to  indicate  the  complementary  condition  of  i 
bo!  ism. 

3.   The  Amount  of  Blood  Passing  into  the  Heart's  Cavities. — It  U  fa 
that  in  the  body  at  any  n\te  the  amount  of  blood  which  passes  intoj 
cavities  of  the  heart  distinctly  affects  the  strength  of  its  beat.     Thu 
from  an  J  cause  the  blood  is  diminished  the  contractions  become  ; 


ftei 


rtg'.  itiM,— Plethysmogmpli.    By  raeaxis  of  tliiii  appiuYtiis,  the  uttenitioii  fD  Fohime  of 
B«  which  Ih  ineIoft(*d  io  A  rIabb  tube,  a,  filled  with  flyid,  the  opening'  through  which  it 
ftrnaly  cIushhI  by  a  thick  Kutta-perchii  biind»  r,  Is  CMintnuu[ratf^   to  the  lftvt»r,  d,  ai  "     _ 
rKcordiiik'  appiLTtitim.    The  ftiiiil  in  a  ci>iiinmtiU?4iU*»  with  tfciat  in  b,  the  upper  limit  of  ' 
above  tJittt  in  A,    The  *:'hl*"f  niterations  in  vohime  are  due  to  alu^mtfon  in  the  blood  oontAiiiiedl 
anil.    When  tijf  v>  iIuhk-  is  iitrrease<],  |1iiic)jjiMMt«ii  oul  Of  tb^  ^XnxA  rjlinder«  and  the  Ibtm",  D,i 
raiHetl,  and  wh*n  a  il^.n-.L-i^'  Mki?*s  plftcfs  the  fluid  returns  euc^ln   from  ■  to  a.     tt  wfli  th«f«fal 
evt(lf«ut  lliat  tljt^  nisjiirnriis  )-;  i  viftable  i>f  riM-'ordloir  alti*miionH  of  bi^Hxl -pressure  in  the  arm. 
mtnsfotuidfil  11] .'  principle  have  b«en  ujmhI  f or  DDConliag  alt«raUotis  la  the  i  " 

the  Hpleeo  ojid  ki  h 


moTB  feeble,  although  they  may  possibly  be  increased  in  rapidity.    S 
larly  with 

4,  Ihe  Amount  of  Pressure  fo  i>e  Overcotm, — If  the  aortic  pressu: 
too  low  the  muscle  contructioDS  of  the  heart  is  not  ao  powerful  or  el 
tive  as  if  the  pressure  is  normal,  whereas  too  great  arteruU  pressure 
be  sufficient  to  delay  if  not  to  stop  altogether  the  heart  s  beats,  dil 
tion  of  its  cavities  taking  place  and  a  condition  of  asystoliam  ( 
resulting. 

Another  condition  sometimes  forgotten  should  be  added  as  influ* 
ing  the  potency  of  the  cardiac  contraction,  viz.,  the  heart  must 
sufficient  room  to  contract,  it  must  not  be  unduly  pressed  npon, 

6.    The  Coronary  Cirtmlation. — The  nutrition  of  the  heart  wall 
been  fully  investigated  by  Porter  and  others.     The  coronary  arteries 
terminal  arteries j  that  is,  they  do  not  permit  the  establishnieut  oi 
collateral  oirculatioo  when  one  of  their  branches  is  blocked.     If  ti 
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be  complete,  that  portion  of  tbe  heart  wall  eupplied  by  the  braDch 

The  ill! niuii fate  effect  of  the  clostire  of  a  large  branch  in  the  dog 

be  occasioRal  aud  transient  irregularity,  or  arrest  of  the  ventricular 

tions,  preceded  by  irregularities  in  the  force  of  tlie  contractions 

^diroiDotion  in  the  amount  of  work  performed.     The  force,  rather 

■D  the  rate,  of  the  veDtricular  contractions  is  closely  dependent  upon 

e  Uood -supply  to  the  coronary  arteries. 

(b.)  The  Peripheral  Resistance,— The  regulation  of  the  amonnt 
IresistjiDce  to  the  passage  of  blood  at  the  periphery  is  principally  done 
'  the  alteration  of  the  e^^libre  of  the  arterioles.  This  regulating  pjower 
chiefly  invested  in  the  nervous  system,  It«  inflnenee  is  exerted  upon 
le  muscular  coat  of  the  arteries  and  not  upon  the  ehistic  element,  which 
iffieasieSy  lis  must  be  obvious,  rather  physical  than  vital  properties. 
"be  muiouljir  tissue  in  the  walls  of  the  vessels  increases  in  amount  rel- 
tivclj  to  the  other  coats  as  the  arteries  grow  smaller^  so  that  in  the 
lies  it  i«  developed  out  of  nil  proportion  to  the  other  elements; 
m  passing  from  capillary  vessels,  made  up  as  we  have  seen  of 
lotheltal  cells  with  a  ground  snbstance,  the  first  change  which  occurs 
Te«eelg  become  larger  (on  the  side  of  the  arteries)  is  the  appear- 
muscular  fibres.  Thus  the  nervous  system  is  more  powerful  in 
mg  the  calibre  of  the  smaller  than  of  the  larger  arteries, 
was  long  ago  shown  by  Claude  Bernard  that  if  the  cervical  eym- 
tic  nerve  is  divided  in  a  rabbit,  the  blood-vessels  of  the  correspond- 
le  of  the  head  and  neck  become  dilated.  This  effect  is  best  seen 
ear,  which  if  held  up  to  the  light  is  seen  to  become  redder,  and 
arteries  are  seen  to  become  larger.  The  whole  ear  is  distinctly 
er  than  the  opposite  one.  This  effect  is  produced  by  removing 
arteries  from  the  influence  of  the  central  nervous  system,  which  in- 
ic©  normally  passes  down  the  divided  nerve;  for  if  the  peripheral 
of  the  divided  nerve  {/./?.,  that  farthest  from  the  brain)  be  stimulated, 
arteries  which  were  before  dilated  return  to  their  natural  size,  and 
jiarts  regain  their  primitive  condition.  And,  besides  this,  if  the 
ins  is  very  strong  or  very  long  continued » the  point  of  normal  t;on- 
D  is  passed,  and  the  vessels  become  much  more  contracted  than  nor- 
The  natural  condition,  which  is  about  midway  between  extreme  con- 
^n  and  extreme  dilatation,  is  called  the  natural  tone  of  an  artery; 
ta  not  maintained,  the  vessel  is  said  to  have  lost  tone,  or  if  it  is 
.ted,  the  tone  is  said  to  be  too  great.  The  effects  described  as 
been  produced  by  section  of  the  cervical  sympathetic  and  by 
nent  stimulation  are  not  peculiar  to  that  nerve,  as  it  has  been 
that  for  every  part  of  the  body  there  exists  a  nerve  the  division 
hich  produces  the  sjinio  effects,  viz.,  dilatation  of  the  vessels;  such 
be  cited  as  the  case  with  the  sciatic,  the  splanchnic  nerves,  and  the 
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nerves  of  the  brachial  plexus:  when  these  are  divided,  dilatation  of  Urn 
blood-vessels  in  the  parts  supplied  by  them  takes  place.  It  appeaii^ 
therefore,  that  nerves  exist  which  have  a  distinct  control  over  the 
cular  supply  of  every  part  of  the  body.  These  nerves  are  called 
7nofor. 

Recently  Mall  hns  shown  that  veins  possess  a  vaso-motor  Derve-snppl| 
as  well  as  arteries. 

Vaso-motor  nerves  may  be  divided  into  two  classes,  according  to  their 
function  of  causing  contraction  or  dilatation  of  the  blood-veeaels,  ini 
vaso-constrictor  and  vaso-dilator  nerves. 

Vaso-motor  Centres.  Bulbar  Centre. — The  bnlbar  vaso-con- 
strictor centre  in  the  rabbit  lies  in  the  floor  of  the  fourth  ventricle,  a 
millimetre  or  two  caudal  to  the  corpora  quadrigemina,  and  extendi 
longitudinally  over  an  area  of  about  3  millimetres*  Owajamiikow  Im0 
shown  that  the  centre  is  com])08od  of  two  halves,  each  half  lying  in  tte 
lateral  column  to  the  side  of  the  median  line.  This  oentra  is  in  con- 
stant action,  as  is  shown  by  dilatation  of  the  blood-veanla  when  remoTad 
from  its  action  by  section  of  the  spinal  cord. 

The  existence  of  a  vasodilator  centre  in  the  spinal  balb  hat  not  been! 
proved.  ' 

Spinal  Centres, — Secondary  vaso-motor  centres  are  preaent  in  tht! 
spinal  cord  (Goltz).  Under  normal  conditions  they  do  not  act  indepen- 
dently of  the  bulbar  centre,  but  wlien  the  action  of  the  latter  has 
interrupted  by  section  of  tlio  cord,  certain  spinal  cells  below  the  seel 
take  on  central  functions  and  bring  about  a  re-establishment  of  thel( 
vascular  tone.  Moreover,  the  central  functions  disappear  if  the 
below  the  section  bo  destroyed. 

SlimjuUhetic     Vaso-motor    Centres, — The  existence    of    sympatbi 
vaso-motor  centres  has  been  proved  by  the  experiments  of  Golts 
Ewnld.     It  was  found  ])y  these  observers  that  even  after  destruction 
the  lower  part  of  the  spinal  cord,  the  tone  of  the  vessels  of  the  hi 
limbs,  lost  as  a  result  of  the  operation,  was  re-established  later. 

Vaso-motor  Reflexes. — Tlie  secondary  vaso-motor  centres,  wl 
removed  from  the  influence  of  the  bulbar  centre,  respond  to  afferent 
pulses  by  vaso-motor  action.     But  under  normal  conditions  the  bull 
centre  controls  vaso-motor  reflexes.     The  afferent  impulses  which  ex( 
reflex  vaso-motor  action  may  proceed  from  the  terminations  of  sei 
nerves  in  general  or  from  the  blood-vessels  themselves,  and  the  consi 
tion  or  dilatation  which  follows  generally  occurs  in  the  area  whence 
impulses  arise.     Yet  the  reflex  may  appear  elsewhere,  e,g,f  the  veseeli 
the  submaxillary  gland  dilate  when  tlie  tongue  is  stimulated — an 
tion  in  function.     Impulses  proceeding  to  the  vaso-motor  centre  from 
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im  may  cause  \'aso-di!atation  as  in  hfmhing^  or  vaao-constriction 
;i]i  the  pallor  of  fear.  An  iniportant  rellex  association  exists  between 
fTCflflola  of  the  skin  and  those  of  subjacent  parts.  It  ia  generally  an 
nrse  relation;  that  is,  when  the  superficial  vcssela  are  dilated  the 
Bp  are  contracted.  Thia  rullex  is  made  use  of  in  medical  practice 
ken  poultices  are  applied  to  the  cheet  in  pneumouia,  the  lung  being  in 
rtate  of  infianixnation. 

Afferent  infioence  upon  the  vaso-motor  centre  m  well  shown  by  tbc 
Don  of  a  nerve  called  the  depressor^  the  existence  of  which  waa  de- 
bstrated  by  Cyon  and  Ludwig. 


^ 


kiz  Bliowin^f  the  <e(Tect  on  hlo<id-prpKaiire  <*f  »tiniuLiitluR  the  oetitral  eod  of  th« 

I  (be rabbit.    To  W   n^m!   from  ripht  to  left.    T,  Indicates  ths- ml^^  at  which  the 

k  was  travelling,  tht»  hirervnl«  eorn?«TM>niil  to  neconfls:  C.  %\w  niomt'nt  of  efitrauct^  of 

,  mooieot  At  which  it  waj«  shot  off     The  r>H*^%  H  Home  time  In  devt^lopinp  and  lasU  after 

baft  be*n  taken  off.  The  larger  LmdulatioDs  are  the  respiratory  nerve*;  the  pulse  osciUo- 

}  Tiery  smoJl    ( Fo««ter. ) 

ill  U  a  small  afferent  nerve  and  passes  np  from  the  heart  in  which  it 
pi  ita  origin,  and  in  the  rabbit  goes  upward  in  the  sheath  of  the  su- 
fior  laryngeal  briiuch  of  the  vagus  or  with  that  branch  and  the  vagus 

r,  communicating  by  filaments  with  the  inferior  cervical  ganglion 
proceeds  from  the  heart. 
If  during  a  blood-presaure  observation  in  a  rabbit  this  nerve  be  di- 
^,  and  the  central  end  (i.e.,  that  nearest  the  bniiu)  be  stimulated,  a 
Bftrkable  fall  of  blood-pressure  takes  place  (fig,  199), 
jThe  cause  of  the  fall  of  blood-presaure  is  found  to  proceed  from  the 
^tion  of  the  vascular  district  within  the  abdomen  supplied  by  the 
inic  nerves,  in  consequence  of  which  the  vessels  hold  a  much 
^qaantity  of  blood  than  usn.U.  The  engorgement  of  the  aplanch- 
.  Tery  greatly  diminishes  the  amount  of  blood  in  the  vessela  else- 
..By  and  BO  materially  diininiabes  the  blood -pressure.  The  function 
|ni  depressor  nerve  is  that  of  conveying  to  tlie  vaso-motor  centre  in- 
Itiona  of  Bueh  conditions  of  the  heart  as  require  a  diminutiou  of  the 
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tension  in  the  blood-vessels ;  as,  for  example,  that  the  hcait  cannoli 
with  sufficient  ease,  propel  blood  into  the  already  too  full  or  too  tena 
arteries. 

The  action  of  the  depressor  nerve  in  causing  an  inhibition  of  the 
vaso-motor  centre  illustrates  the  more  unusual  effect  of  afferent  iropnbeit.- 
As  a  rule,  the  stimulation  of  the  central  end  of  an  afferent  nerve  pro- 
duces a  reverse  or  pressor  effect,  and  increases  the  tonic  influence  Q 
the  centre,  and  by  causing  constriction  of  the  arterioles,  either  locally  «^ 
generally,  raises  the  blood-pressure.  Thus  the  effect  of  stimulating  ai 
afferent  nerve  may  be  either  to  dilate  or  to  constrict  the  arteries.  Stiifr 
ulation  of  an  afferent  nerve  too  may  produce  a  kind  of  paradoxicul  effeo^ 
causing  general  vascular  constriction  and  so  general  increase  of  blood* 
pressure,  but  at  the  same  time  local  dilatation  which  must  evidently  hin 
an  immense  influence  in  increasing  the  flow  of  blood  through  the  part : 

Course  of  the  Vaso-motor  Nerves. — The  cell  bodies  formii^ 
the  bulbar  vaso-motor  centre  give  off  nouraxons  (axis-cylinder  processes) 
some  of  which  go  to  the  nuclei  of  certain  cranial  nerves,  while  othod 
pass  down  the  cord  to  end  at  different  levels  in  contact  with  cells— prob^ 
ably  small  cells  in  the  anterior  horn  and  lateral  part  of  the  gray  mattai; 
These  cells  constitute  the  spinal  centres.  The  neuraxous  of  the  spiiii 
cells  leave  the  cord  in  certain  cranial  nerves  and  in  the  anterior  rooti^ 
and  end  in  sympathetic  ganglia  in  contact  with  their  cell  bodies.  Fro* 
these  latter,  neuraxons  pass  uninterruptedly  to  their  termination  in  thi 
vessel  wall. 

Besides  the  regulation  of  the  heart  beat  and  of  the  peripheral  resial 
ance,  it  must  be  recollected  that  other  circumstances  may  affect  the  bloo( 
pressure,  of  which  changes  in  the  blood  are  the  chief.     First  of  all— j 
a.    As  regards  quantity.     At  first  sight  it  would  appear  probable  thrti 
one  of  the  easiest  ways  to  diminish  the  blood-pressure  would  be  to 
move  blood  from  the  vessels  by  bleeding.     It  has  been  found  by  e; 
ment,  however,  although  the  blood-pressure  sinks  while  large  abstracti( 
of  blood  are  taking  place,  that  as  soon  as  the  bleeding  ceases  it 
rapidly,  and  speedily  becomes  normal;  that  is  to  say,  unless  so  large 
amount  of  blood  has  been  taken  as  to  be  positively  dangerous  to 
abstraction  of  blood  has  little  effect  upon  the  blood-pressure.     Thera] 
return  to  the  normal  pressure  is  due  not  so  much  to  the  withdrawal 
lymph  and  other  fluids  from  the  body  into  the  blood,  as  was  form( 
supposed,  as  to  the  regulation  of  the  peripheral  resistance  by  the 
motor  nerves;  in  other  words,  the  small  arteries  contract,  and  in  so 
ing  maintain  pressure  on  the  blood  and  favor  its  accumulation  in 
arterial  system.     This  is  due  to  the  stimulation  of  the  vaso-motor 
tre  from  diminution  of  the  supply  of  blood,  and  therefore  of  oiyj 
The  failure  of  the  blood-pressure  to  return  to  normal  in  the  too 
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iCtioD  must  be  taken  to  iudicute  a  cutiditjon  of  cxlianstion  of  the 
entre,  and  consequently  of  want  of  rcguliition  of  the  periplieml  reeist- 
tace.  In  the  siime  way  it  might  bo  thought  that  injection  of  blood  into 
ht  already  full  vessels  would  be  at  onoo  foHuwed  by  rise  in  the  blood- 
livssQre,  and  this  is  indeed  the  case  up  to  a  certain  point — the  pressure 
nsQ,  but  there  is  a  limit  to  the  rise.  Until  the  iimount  of  blood 
ijeeted  equals  about  2  to  3  per  cent  of  the  body- weight,  the  pressure 
joatinues  to  rise  gradually;  but  if  the  amount  exceed  this  proportion, 
kerise  does  not  continue.  In  this  Ciise,  therefore,  as  in  the  opposite 
then  blood  is  abstracted,  the  vaso-motor  apparatus  must  counter- 
ihe  great  increase  of  pressure,  but  now  by  dilating  the  small  ves- 
ids,  and  so  diminishing  the  peripheral  resistance,  for  after  each  rise 
ftrre  is  a  partial  fall  of  pressure;  and  after  the  lijnit  is  reached  the 
fhole  of  the  injected  blood  displaces,  aa  it  were,  an  equal  quantity  which 
into  the  small  veins,  and  remains  within  them.  It  should  he  re- 
larobered  that  the  veins  are  capable  of  holding  the  whole  of  tiic  blood 
the  bmly. 

Further,  as  we  have  seen,  the  amount  of  Wood  supplied  to  the  heart, 
Wth  to  its  substance  and  to  its  chambers,  has  a  marked  elTect  upon  the 
lood-pre^sure. 
b.  As  regards  qiiaUtif,  The  quality  of  the  blood  supplied  to  the 
irt  has  a  distinct  effect  upon  its  contraction,  as  too  w^atery  or  too 
oxygenated  blood  must  interfere  with  its  action.  Thus  it  appears 
It  blood  containing  certain  substances  affects  the  peripheral  resistance 
acting  upon  the  muscular  fibres  of  the  arterioles,  and  so  directly  alter- 
[  the  calibre  of  the  vessels. 

Proofs  of  the  Circulation  of  the  Blood. 

It  seems  hardly  necessary  at  the  present  time  to  bring  forward  the 

iQofs  that  during  life  the  blood  circtdsttes  within  the  body;  they  are 

well  known.     It  is  interesting,  however,  to  recount  the  main  argu- 

tts  by  which  Harvey  in  the  first  instance  established  the  fact  of  the 

liition;  they  were  as  follows: — 

I.  That  the  heart  in  half  an  hour  propels  more  blood  than  the  whole 

of  blood  in  the  bodyj 
t.  That  the  blood  spurts  with  great  force  and  in  a  Jerky  manner 
iin    opened   artery,  such  as '  the  carotid,  with  every  beat  of  the 


3^  That  if  true,  the  normal  course  of  the  circulation  would  explain 
~l after  death  the  arteries  are  commonly  found  empty  and  the  veins 


^  4  That  if  the  large  reins  near  the  heart  be  tied  in  a  fish  or  snake, 

irt  becomes  pale,  flaccid,  and  bloodless;  and  that  on  moving  the 

ire,  the  blood  again  flows  into  the  heart.     If  the  artery  is  tied,  the 
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heart  becomes  distended,  the  distention  lasting  nntil  the  ligature  is 
removed ; 

5.  That  if  a  ligature  round  a  limb  be  drawn  very  tight^  no  blood  cia 
enter  the  limb,  and  it  becomes  pale  and  cold.  If  the  ligature  be  some* 
what  relaxed,  blood  can  enter  but  cannot  leave  the  limb ;  hence  it  be- 
comes swollen  and  congested.  If  the  ligature  be  removed,  the  limb 
soon  regains  its  natural  appearance; 

6.  That  the  valves  in  the  veins  only  permit  the  blood  to  flow  toward 
the  heart; 

7.  That  there  is  general  constitutional  disturbance  resulting  froml^ 
the  introduction  of  a  poison  at  a  single  point,  e.g.,  snake  poison; 

To  these  may  now  be  added  many  further  proofs  which  have 
mulated  since  the  time  of  Harvey,  e.g. : — 

8.  That  in  wounds  of  arteries  and  veins;  in  the  former  case  hei 
rhage  may  be  almost  stopped  by  pressure  between  the  heart  and 
wound,  in  the  latter  by  pressure  beyond  the  seat  of  injury; 

9.  That  the  passage  of  blood-corpuscles  from  small  arteries  tl 
capillaries  into  veins  in  all  transparent  vascular  parts,  as  the  meseni 
tongue,  or  web  of  the  frog,  the  tail  or  gills  of  a  tadpole,  etc.,  may 
ally  be  observed  under  the  microscope. 

Further,  it  is  obvious  that  the  mere  fact  of  the  existence  of  a  hoi 
muscular  organ  (the  heart)  with  valves  so  arranged  as  to  permit 
blood  to  pass  only  in  one  direction,  of  itself  suggests  the  course  of 
circulation.  The  only  part  of  the  circulation  which  Harvey  could 
follow  was  that  through  the  capillaries,  for  the  simple  reason  that 
had  no  lenses  sufficiently  powerful  to  enable  him  to  see  it.  Malpi 
(16G1)  and  Leeuwenhoek  (1668)  demonstrated  this  in  the  tail  of  thetii-l 
pole  and  lung  of  the  frog. 


The  maintenance  of  animul  life  nocessitatea  the  continual  absorption 
^f  oxygen  and  excretion  of  carbonic  acidj  the  blood  being,  in  all  ani- 
mals which  possess  u  well-develoned  blood -viisoular  aystem,  the  medium 
by  which  these  gases  are  carried.  By  the  blood,  oxygen  is  absorbed 
from  without  and  conveyed  to  all  parts  of  the  organism;  and,  by  the 
Mood,  carbonic  acidj  which  comes  from  within,  is  carried  to  those  parts 
hs  which  it  may  escape  from  the  body.  The  two  processes, — absorption 
af  oiygen  and  excretion  of  airbonic  acid,  are  complementary,  and  their 
Ittm  is  termed  the  process  of  Jiesjiirafwu. 

InuU  Vertebmta,  and  in  a  large  number  of  Invertebrata,  certain  parts, 
either  lungs  or  gills,  are  specially  constructed  for  bringing  the  blood 
into proiimity  with  the  aerating  medium  (atmospheric  air,  or  water  con- 
toining  air  in  solution)*  In  some  of  the  lower  Yertebrata  (frogs  and 
other  naked  Amphibia)  the  skin  is  important  as  a  respiratory  organ, 
md  is  capable  of  supplementing,  to  some  extent,  the  functions  of  the 
froper  i^reathing  apparatus;  but  in  all  the  higher  auimalSj  including 
aum,  the  respiratory  capacity  of  the  skin  is  so  infinitesimal  that  it  may 
be  practically  disregarded* 

Essentially  a  lung  or  gill  is  constructed  of  a  fine  transparent  mem- 
faraoe,  one  surface  of  which  is  exposed  to  the  air  or  water,  as  the  case 
may  be,  while,  on  the  other,  is  a  network  of  blood-vessels, — the  only  sop- 
iintion  between  the  blood  and  aenvting  medium  being  the  thin  wall  of 
Ihe  blood' vessels,  and  the  fine  membrane  on  one  side  of  which  vessels 
distributed.  The  difference  betiveen  the  simplest  and  the  most 
complicated  respiratory  membnine  is  one  of  degree  only. 

The  various  complexity  of  the  respiratory  membrane,  and  the  kind 
Of  aerating  medium,  are  not,  how^ever,  the  only  conditions  which  cause 
1  difference  in  the  respiratory  capacity  of  different  animals.  The  num- 
ber and  size  of  the  red  blood-corpuscles,  the  mechanism  of  the  breathing 
apparatus,  the  presence  or  absence  of  a  puhnonanf  heart,  physiologically 
listinct  from  the  ftgsiemiCf  are,  all  of  them,  conditions  scarcely  second 
importance. 

It  may  be  as  well  to  state  here  that  tlie  lungs  are  only  the  medium 
br  the  exchatige^  on  the  part  of  the  blood,  of  carbonic  acid  for  oxygen, 
liey  are  not  the  seat,  in  any  special  manner,  of  those  combustion-pro- 
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068868  of  which  th6  production  of  carbonic  acid  is  the  final  reanlt. 
These  processes  occur  in  all  parts  of  the  body  in  the  substance  of  the 
tissues. 

Of  the  Respiratory  Apparatus. 

The  object  of  respiration  being  the  interchange  of  gases  in  the  lnng% 
it  is  necessary  that  the  atmospheric  air  shall  pass  into  them  and  that 
the  changed  air  should  be  expelled  from  them.  The  lungs  are  contained 
in  the  chest  or  thorax,  which  is  a  closed  cavity,  having  no  commnnica- 


Flg.200. 


Fig.  901. 


Fig.  200 — Outline  showiDff  the  general  form  of  the  larynx,  trachea,  and  bronchi,  as  seen  tnm 
before,  h.  The  great  comu  or  the  hyoid  bone ;  e,  epiglottis;  t,  superior,  and  t\  inferior  oomu  of  tiMI 
thyroid  cartilage;  c,  middle  of  the  cricoid  cartilage  ;  tr,  the  traonea.  showing  sixteen  cartilagiDoai 
rings;  6,  the  riiht.  and  b\  the  left  bronchus.    (Allen  Thomson.)    x  H. 

Fig.  801.— Outline  showing  the  general  form  of  the  larynx,  trachea,  and  bronchi,  as  seen  froB 
behind.  A,  Great  comu  of  the  hyoid  bone:  t,  superior,  and  t',  the  inferior  oomu  of  the  thyroid 
cartilage;  e,  epiglottis;  a,  points  to  the  back  of  both  the  arytenoid  cartilages,  wbldi  sreso^ 
mounted  bv  the  comicula  ;  c,  the  middle  rid^e  on  the  back  of  the  cricoid  cartilage;  fr,  tbepv 
terlor  membranous  part  of  the  trachea;  6.  6^  right  and  left bronchL    (Allen  Thomson.)    x  H. 
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tm  with  the  outside,  except  by  means  of  the  respiratory  passages.  The 
ir  enters  these  puasages  through  the  nostrils  or  through  the  mouth, 
^ence  it  passes  through  the  larynx  into  the  trachea  or  windpipe^  which 
)out  the  middle  of  the  chest  divides  into  two  tubes,  bronchi,  one  to 
ich  (right  and  left)  lung. 

The  Larynx  is  the  upper  part  of  thi*  passuge  which  leads  exclusively 
^  the  lung;  it  is  formed  by  the  thyroid,  cricoid,  liud  arytenoid  cartilages 
ig.  200),  and  contains  the  vocal  cords^  by  the  vibration  of  which  the 
Dice  is  chiefly  produced.  These  vocal  cords  are  ligamentous  bands 
Itached  to  cextain  cartilages  capable  of  movemeut  by  muscles*  By 
^ir  approximation  the  cords  can  entirely  close  the  entrance  into  the 
uynx;  but  under  ordinary  conditions,  the  entrance  of  tho  larynx  is 
tinned  by  a  more  or  less  triangular  chink  between  them,  called  the 
ima  gloUidis.  Projecting  at  an  acute  angle  between  the  base  of  the 
^ngne  and  the  larynx,  to  which  it  is  attached,  is  a  leaf-shaped  eartihige, 
rith  its  larger  extremity  free,  called  the  vpighitis  (fig,  201,  e).  The 
rhole  of  the  larynx  is  lined  by  mucous  membrane,  wliich,  however,  is 
xtremely  thin  over  tho  voc4il  cords.  At  its  lower  extremity  the  larynx 
Bins  the  trachea.*  With  the  exception  of  the  epiglottis  and  the  so- 
lUed  comicula  laryngis,  the  cartilages  of  the  larynx  are  of  the  hyalin 
fcriety. 

TJhe  Epigl(>ttU.—T]i^  supporting  cartilage  of  the  epiglottis  is  com- 
oeed  of  yellow  elastic  cartilage,  inclosed  in  a  tibrous  sheath  (perichon- 
Irium),  and  covered  on  both  sides  with  mucous  membrane.  The  ante- 
ior  surface,  which  looks  toward  the  back  of  the  tongue,  is  covered  with 
kiacous  membrane,  the  basis  of  which  is  fibrous  tissue,  elevated  toward 
loth  surfaces  in  the  form  of  rudimentary  papillse,  and  covered  with 
eTeral  layers  of  squamous  epithelium.  In  it  ramify  capillary  blood- 
laelBj  and  in  its  meshes  are  a  large  tinmber  of  lymphatic  channels. 
adcr  the  mucous  membrane,  in  the  less  dense  fibrous  tissue  of  which 
I  is  composed,  ig  a  number  of  tubular  glands.  The  posterior  or  laryn- 
feal  surface  of  the  epiglottis  is  covered  by  a  mucous  membrane,  similar 
D  nructnre  to  that  on  the  other  surface,  but  its  epithelial  coat  is  thin- 
ner, the  number  of  strata  of  cells  is  less,  and  the  papillae  few  and  less 
lAtinct.  The  fibrous  tissue  which  constitutes  the  mucous  membrane  is 
ri  great  part  of  the  adenoid  variety,  and  is  here  and  there  collected  into 
istinct  masses  or  follicles.  The  glands  of  the  posterior  surface  are 
mailer  but  more  numerous  than  those  of  the  other  surface*  In  many 
bees  the  glands  which  are  situated  nearest  to  the  perichondrium  are 
^Milj  continuous  through  apertures  in  the  cjirtilago  with  those  on  the 
PRfr  lide,  and  often  the  ducts  of  the  glands  from  one  side  of  the  carti- 


♦  A  detailed  account  of  the  structure  and  function  of  the  Laryiut  will  be 
In  a  later  chapter. 
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lage  pass  tnrowgh  and  open  upon  the  mucous  surface  of  the  other 
Taate  gobletit  have  been  found  in  the  epithelium  of  the  posterior  sol 
of  the  epiglottis,  und  in  several  other  situations  in  the  laryngeal  mi 
membrttne. 

Hie  Trachea  and  Bronchi. — The  trachea  extends  from  the 
cartilage,  which  is  on  a  level  with  the  fifth  cervical  vert^ehra,  to  a] 
opposite  the  third  ilorsal  vertebra^  whore  it  divides  into  the  two  bro 


Tig.  a02.— Section  of  the  trachea,    o ,  Cohminar  ciliated  epitheHum;  h  mad  e,  _     , 

the  mucous  meujbrftu«t  ct^ntttlnlnif  elastic  fibr***  cut  acronti  tjnuisrerBeljrt  d.  niltBll 

txnitaJjninir  muciom  fflftods,  e,  Kt'iMiratt^J  frtmi  the  hyalltie  cartilage,  g^  by  &  flu©  fibrous  tetf 
external  mvetitniuut  €f  flat^  dbrouM  tissu(\    (H.  K.  Alcock.) 


one  for  esich  lun^  (fig.  201),     It  measures,  on  an  average,  four  or 
and-a-half  in  dies  in  length,  und  from  tljree'qnurter&  of  an  inch 
inch  in  diameter,  and  ie  essentially  a  tube  of  fibro-elastic  mem 
within  the  layers  of  which  are  eneloscd  a  series  of  csartilaginous 
from  sixteen  to  twenty  in  number.     These  rings  extend  only  ai 
the  front  and  sides  of  the  trachea  (about  two-thirds  of  its  circu: 
ence)»  and  are  deficient  behind;   the  Interval  between  their  posi 
extremities  being  bridged  over  by  a  continuation  of  the  fibrous 
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t  which  they  are  closed  (fig.  202).     The  cartilages  of  the  trachea 
nd  bronchial  tnbes  are  of  the  hyaline  variety. 

Idi mediately  within  this  tube*  iit  the  back,  is  a  layer  of  unstriped 
a  scalar  fibres,  which  extends,  Iramverseli/y  between  the  ends  of  the 
trtilaginous  rings  to  which  they  are  attached,  and  opposite  the  iuter- 
ads  between  thera,  also;  their  evident  function  being  to  diminisli,  when 
Bqoired^  the  Citdibre  of  the  trachea  by  approximating  the  ends  of  the 
iitila^efl.  Outside  there  are  a  few  lonffiituiinal  bundles  of  muscular 
ae,  which,  like  the  preceding,  are  attached  both  to  the  fibrous  and 
ATliJaginouB  framework. 

The  mucous  membrane  consists  to  a  great  extent  of  adenoid  tissue, 
^parated  from  the  stratified  columnar  epithelium  which  lines  it  by  a 
tocnogeneoiis  basement  membrane.  This  is  penetrated  here  and  there 
y  channels  which  connect  the  adenoid  tissue  of  the  mucosa  with  the 
Ulercellular  substance  of  the  epithelium.  The  stratified  columnar 
(pitheliam  is  formed  of  several  layers,  of  which  the  most  superficial  hiyer 
I  ciliated,  and  is  often  branched  downward  to  join  connective  tissue 
lorpuscles;  while  between  these  branched  cells  are  smaller  elongated 
bUa  prolonged  up  toward  the  surface  and  down  to  the  basement  mem- 
irane^  Beneath  those  are  one  or  more  layers  of  more  irregularly -shaped 
^llfl.  Jiany  of  the  superficial  cells  are  of  the  goblet  variety.  In  the 
eeper  part  of  the  mucosa  are  many  elastic  fibres  between  which  lie 
Kinnective-tissue  corpuscles  and  capillary  blood-vessels* 

Numerous  mucous  glands  are  situated  on  the  exterior  and  in  the 
ttbstance  of  the  fibrous  framework  of  the  trachea;  their  ducts  perforata 
e  various  structures  which  form  the  wall  of  the  trachea^  and  open- 
raugh  the  mucous  membrane  Into  the  interior. 
The  two  bronchi  into  which  tlie  tmcliea  divides,  of  which  the  right 
shorter,  broader,  and  more  horizontal  than  the  left  (fig.  200),  resem- 
ile  the  trachea  exactly  in  structure,  with  tlie  difference  tliat  in  them 
is  a  distinct  layer  of  unstriped  muscle  arranged  circularly  beneath 
mucous  membrane,  forming  the  ?i(usndaris  viitcosw.  On  entering 
rabstance  of  the  lungs  the  cartilaginous  rings,  although  they  still 
only  larger  or  smaller  segments  of  a  circle,  are  no  longer  confined 
le  front  and  sides  of  the  tubes,  but  are  distributed  impartially  to  all 
of  their  circumference. 

'he  bronchi  divide  and  subdivide,  in  the  substance  of  the  lungs, 
ito  a  number  of  smaller  and  smaller  branches,  which  penetrate  into 
fCTy  part  of  the  organ,  until  at  length  they  end  in  the  smaller  sub- 
ivi^ions  of  the  lungs,  called  /n/wfo. 
All  the  larger  branches  have  walls  formed  of  tough  membrane,  con- 
ning portions  of  cartilaginous  rings,  by  which  they  are  held  open,  and 
QStnped  muscular  fibres,  as  well  as  longitudinal  bundles  of  elastic  tis- 
They  are  lined  by  mucous  membrane,  the  surface  of  which,  like 
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that  of  the  larynx  and  trachea,  is  covered  with  ciliated  epithelium,  bnt 
the  Beveral  layers  become  less  and  less  distinct  until  the  lining  consist! 
of  a  single  layer  of  more  or  less  cubical  cells  covered  with  cilia  (fig.  203). 
The  mucous  membrane  is  abundantly  provided  with  mucous  glands. 

As  the  bronchi  become  smaller  and  smaller,  and  their  walls  thinner,  | 
the  cartilaginous  rings  become  scarcer  and  more  irregular^  until,  in  tin  j 
smaller  bronchial  tubes,  they  are  represented  only  by  minute  and  scat-  j 
tered  cartilaginous  flakes.     And  when  the  bronchi,  by  successive  branchei  I 
are  reduced  to  about  |V  ^^  ^^  ^^^^^  i*^  mm.)  in  diameter,  they  lose  their  fl 
cartilaginous  clement  altogether,  and  their  walls  are  formed  only  of  i 
tough  fibrous  chistic  membrane,  with  circular  muscular  fibres;  they  an 
still  lined,  however,  by  a  thin  mucous  membrane,  with  ciliated  epitta- 
Hum,  the  length  of  the  colls  bearing  the  cilia  having  become  so  &r 
diminished  that  the  cells  are  now  almost  cubical.     In  the  smaller  broa* 


Fie.  att. -Tranavei-:--'  ^-.jrj..-.  ■■-*  .i  1m'..',.jT,,m.  nlnji*^  i^  'tirl,  Ii,  aUmM'.-r  t\  BpitheUnm  (cmatamJ:^ 
inuueuiately  beut'uth  it  in  Uie  iiiucouh  ineuibrane  or  intomal  fibrous  layer*  of  yarying  thiclmeas:  *** 
muHcular  layer ;  a.  in,  KubiiiucoiiH  titwiie; /,  fibrous  tissue ;  c,  cartilage  enclosed  within  thelajesz^ 
of  fibrous  tissue ;  g,  mucous  glaud.    ^F.  h.  Scliulxe.) 

chi  the  circular  muscular  fibres  are  relatively  more  abundant  than  in 
the  larger  bronchi,  and  form  a  distinct  circular  coat. 

7'/ie  Liuifj.s  and  J^leunr, — The  Lungs  occupy  the  greater  portion  of^ 
the  thorax.     They  are  of  a  spongy  elastic  texture,  and  on  section  appeir|| 
to  the  nuked  eye  as  if  they  were  in  great  part  solid  organs,  except  heitfl 
and  there,  ut  certain  points,  where  branches  of  the  bronchi  or  air-tulei? 
may  have  been  cut  across,  and  show,  on  the  surface  of  the  section,  thflir 
tubular  structure.     In  fact,  however,  the  lungs  are  hollow  organs,  eaok 
of  which  communicates  by  a  separate  orifice  with  a  common  air-tub^* 
the  trachea. 

Each  lung  is  enveloped  ])y  a  serous  membrane — the  pleura,  one  lay* 
of  which  adheres  closely  to  its  surface,  and  provides  it  with  its  smootK 
and  slippery  covering,  while  the  other  adheres  to  the  inner  surface  oil 
the  chest-wall.     The  continuity  of  the  two  Livers,  which  form  a  cloaeil 
sac,  as  in  the  case  of  other  serous  membranes,  will  be  best  understooll 
by  reference  to  fig.  204.     The  appearance  of  a  space,  however,  betweetf* 
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mra  which  covers  the  hirig  {rtj^ceral  layer),  and  that  which  lines 
aer  surface  of  the  chest  ( parietal  layer)*  is  inserted  in  the  draw- 
ly  for  the  sake  of  distitietiiess.  These  layers  are,  in  health,  every- 
iii  contact,  one  witli  the  other;  and  between  them  is  only  just  so 
fluid  as  will  insure  gliding  easily,  in  their  expansion  and  contrac- 
tu the  ifiner  surface  of  the  piiriotal  layer,  which  lines  the  chest- 
While  considering  the  e^ubject  of  normal  respiration,  we  may 
xl  altogether  the  notion  of  the  existence  of  any  space  or  cavity 
Mm  the  Inngs  and  the  wall  of  tlie  cbefit. 

!, however,  nii  opening  be  nnule  so  as  to  permit  air  or  fluid  to  enter 
pleural  sac,  the  lung,  in  virtue  of  its  elasticity,  recoils,  and  a  consid- 
le  space  is  left  between  it  and  the  chost-walL  In  other  words,  the 
ail  elasticity  of  the  lungs  would  cause  tbeni  at  all  times  to  contract 


Fij^   L>>t.- Trans  verse  Hi^etion  of  the  chest. 


the  ribs  were  it  not  that  the  contraction  is  resisted  by  atmoa- 
ic  pressure  which  bears  only  on  the  inner  surface  of  the  air^tubes 
ir-cells.  On  the  admission  of  air  into  the  pleural  sac,  atmospheric 
ire  bears  alike  on  the  inner  and  outer  surfaces  of  the  lung,  and 
eJastic  recoil  is  thus  no  longer  prevented. 

m  pulmonary  pleura  consists  of  an  outer  or  denser  layer  and  an 
looser  tissue.  TJie  former  or  phtira  proper  consists  of  dense 
B^  tissue  with  elastic  fibres,  covered  by  endothelium,  the  cells  of 
re  Urge,  flat,  hyaline,  and  transparent  when  the  lung  is  cx- 
,  but  become  smaller,  thicker,  and  granular  w^hen  the  lung  col- 
In  the  pleura  is  a  lyniph-canalieul:ir  system;  and  connective 
mscles  are  found  in  the  librons  tissue  which  forms  its  ground- 
1©  inner,  looser,  or  suh-pleural  tissue  contains  lamella  of  fibrous 
re  tis^sue  and  connective-tissue  corpuscles  between  them.  Ku- 
^ lymphatics  are  to  be  met  witli,  which  form  a  dense  plexus  of 
[znany  of  which  contain  valves.  I'hey  are  simple  endothelial 
17 
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tabes,  and  take  origia  in  the  lymph-canalicular  system  of  the  pleiu 
proper.  Scattered  bundles  of  unstriped  mnscnlar  fibre  occur  in  ti 
pulmonar}'  pleura.  They  are  especially  strongly  developed  on  the  ai 
terior  and  internal  surfaces  of  the  lungs,  the  parts  which  move  moi 


\' 


\    V 


\  .■ 


Fig.  905.— OIliAiy  epithelluin  of  the  human  trachra.    a.  Layer  of  1 

flbrea  ;  b,  kMwemeut  membrane  ;  c,  deepest  celln,  circular  in  form  ;  d,  i ^__ 

e,  outermoiit  layer  of  celln  fully  developed  and  bearinic  cilia.    X  850.    (KSOSkiet.^ 
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freely  in  respiration :  their  function  is  doubtless  to  aid  in  ezpiratia 
The  structure  of  the  parietal  portion  of  the  pleura  is  very  similar  t 
that  of  the  visceral  layer. 

Each  lung  is  ])artially  subdivided  into  separate  portions  called  Mm 
the  right  lung  into  three  lobes,  and  the  left  into  two.  Each  of  thai 
lobes^  again^  is  composed  of  a  large  number  of  minute  parts,  called  M 


FiK.an«. 


Fig,  907. 


Fig.  20ft.— Terminal  nrarirh  of  a  bronchial  tube,  with  itA  infundibula  and  air-oella.  from  tte: 
gin  of  the  lung  of  a  moiikf  y,  inje<>ted  with  quicksilver,  a,  Terminal  bronchial  twig;  66,  infondl 
and  air-ct'llH.    x  lu.    ( F.  K.  Scliulze. ) 

Fig.  907. -Two  KMiall  infuiidibula  or  grouixt  of  air-cellB,  a  a,  with  air-cella,  6  6,  and  the  oUL^ 
lMX>nchial  tubes,  c  c,  with  which  the  air-cdlH  conininnicate.    From  a  new-bom  child.    (K0UIM 

Hies.    Each  pulmonary  lobule  may  be  considered  to  be  a  lung  in 
ture,  consisting,  as  it  does,  of  a  branch  of  the  bronchial  tube,  of  air-ei 
blood-vessels,  nerves,  and  lym{)hatics,  with  a  sparing  amount  of 
tissue. 


SiisPtiiAtioK 
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On   en  ten  tig  a  lobule,  the  email  bronchial  tube,  the  structure  of 

bad  been  just  described  (rr,  fig.  *^t)tJ),  divides  and  subdivides;  its 

tal  the  same  time  becoming  thinner  nnd  thinner,  until  at  length 

rare  formed  only  of  a  thin  nienibrane  of  areolar  and  elastic  tisane, 

bj  a  layer  of  squamous  epithelium,  not  provided  with  cilia.     At 

»Banie  time,  they  are  altered  in  shape;  each  of  the  minute  terminal 

liches  widening  out  funnel- wise,  and  its  walls  being  pouched  out 

darlj  into  small  Siiecular  dilatations,  called  alr-cellH  (tig.  2nt), /j). 

»  funnel-shaped  terminal  branch  of  the  bronchial  tube,  with  ita 


■^S> 
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^iOd, — Frof  I  if  tbo  luDjf  of  a  f'at.  ^triii:i>'ii  wiTii  sifMT  nitrjH*',    ,\ ,  i ',  Alveolar  duet  or 

r  |MM».u  .Iftr Mepia.    N.  Alvertll  or  iiii -eellH.  iiruMl  with  larj?*-  Hat,  mieleat«'i  celU», 

iBtiMtll«!r   ,  I  nucleated  cells.     M.  Ucis[ii|M;Ml  mii!U''nlar  J\ht>'N.    i'irinilar  rtiui^ieiilar 

ieo  stuTi  uu'jinv  I  riH  iDreiior  of  the  alveotar  tJuei,  aiid  at  one  part  U{«c^eIl  a^roiip  of  Htii&lt 
cielli coatitiuetl  fnrmi  the  hronchiia.    (Klein  nuil  Nnide 8uilth.> 


ip  of  pouches  or  air-eel  Is*  has  been  called  an  infundilmlum  (figs.  206, 
ijiud  the  irregular  oblong  space  in  its  centre^  with  which  the  air- 
toommnnicate,  an  inttrceUular  pai<snge. 

he  air-cells,  or  air-vesielcs,  may  be  placed  singly,  like  roceasea  from 

pntereellnliir  passage,  but  more  often  they  are  arranged  in  groups  or 

dtk  rows,  like  minute  sacculated  tubes;  so  that  a  short  series  of  ves- 

IaU  communicating  with  one  another,  open  by  a  common  orifice 

he  tube.     The  vesicles  are   of   vtirioiie    forms,  according  to   the 

i  pressure  to  which  they  are  subject;  their  walls  are  nearly  in 

?t^  and  they  vary  from  -^  to  ^^  of  an  inch  (.5  to  ,3  mm,)  in  diam- 

Their  walls  are  formed  of  ^v\b  membrane,  similar  to  that  of  the 
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in  tercel]  iilar  ptissagea,  and  contimious  with  it,  which  membrane  iS 
on  itself  go  ns  to  form  a  sharp-edged  border  at  esich  circular  oi 
conimunioutifjn  between  contiguous  air-vesicleg,  or  between  the  ] 
and  the  bronchial  pasgiiges.  Numeroiig  fibres  of  eUstic  tissue  are 
out  between  contiguous  air-cells,  and  many  of  the«e  are  alUichei 
outer  surface  of  the  fine  membrane  of  which  each  cell  is  compofl 
parting  to  it  additional  strength,  and  the  power  of  recoil  after 
t!ou.  The  cells  are  lined  by  a  layer  of  epithelium  (fig.  2()K),  w 
vided  with  cilia,  ( Jiitfiide  the  cells,  a  network  of  pulmonary  caf 
is  spread  out  so  densely  (fig.  209)  that  tlie  interspaces  or  meal 
even  narrower  than  the  vessels,  which  are,  on  an  average,  y^'rn 
inch  (8,'*)  in  diameter.  Between  the  atmospheric  air  in  the  od 
the  blood  in  these  vessels,  nothing  iutervenes  but  the  thin  wallaj 


P 
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Fi|f-  aj0.— Capiaary  network  of  tlit-  pultitotiary  blotKl  ve^si-ls  In  ihv  hiunati  Umg.  X  W.  CI 

cells  and  t^apillaries;  and  the  exposure  of  the  blood  to  the  ai 
more  complete,  because  the  folds  of  membrane  between  com 
cells^  and  ofteii  the  spaces  between  the  walls  of  the  same>  contain 
single  layer  of  capillaries,  both  sides  of  which  are  thus  at  once  I 
to  the  air. 

The  air- vesicles  situated  nearest  to  the  centre  of  tlic  lung  are 
and  their  networks  of  capillaries  are  closer  than  those  nearer  to 
cumference.  The  vesicles  of  adjacent  lobules  do  not  communic^ 
those  of  the  sivme  hibule  or  proceeding  from  tlie  same  intercelln 
sage,  do  so  as  a  general  rule  only  near  angles  of  bifurcation;  i 
when  any  bronchial  tube  is  closed  or  obstructed,  the  supply  of  aj 
for  all  the  cells  opening  into  it  or  its  branches. 

Blood-.stippIif, — The  kings  receive  blood  from  two  eonrces^ 
pulmonary  artery,  (b)  the  bronchial  arteries.  The  former  convey! 
blood  to  the  lungs  for  its  arlerinUzaimn,  and  this  blood  takes  I 
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iie  nutrition  of  the  pulmonary  tissues  through  which  it  passes,     (h) 

\  bmnehes  of  the  bronchial  arteries  rumify  for  nutrition's  suke  in  the 

tof  the  bronchi^  of  tho  krger  pulmonary  vessels,  iu  the  interlobular 

Btive  tissue,  etc.;  the  blood  of  tlie  bronchial  vessels  being  returned 

ly  through  the  bronchial  and  partly  through  the  pulmonary  veins. 

Lytnphaiics,-  The  lymphatics  tire  armnged  in  three  sets:*— L  Irreg- 

lacuusB  in   the  walls  of  the  alveoli  or  air-cells.     The  lymphatic 

Is  which  lead  from  these  accompany  the  pulmonary  vessels  toward 

I  foot  of  the  lung.     2.  Irregular  anastomosing  spaces  in  the  wails  of 

bronchi.     3,  Lymph-spaces   in  the  pulmonary   pleura.     The  lyni- 

itic  Tessels  from  all  these  irregular  sinuses  pass  in  toward  the  root 

tthc  lung  to  reach  the  bronchial  glands. 

Serves, — The  nerves  of  the  lung  are  to  be  traced  from  the  anterior 

[posterior  pulmonary  plexuses,  whi<di  are  formed  by  branches  of  the 

Ds  and  sympathetic.     The  nerves  follow  the  course  of  the  vessels  and 

chi,  and  in  the  walls  of  the  latter  many  sumll  ganglia  are  situated* 


The  Respiratory  Mechanism. 

spimtion  consists  of  the  alternate  expansion  and  contraction  of 
llorax,  by  means  of  which  air  is  drawn  into  or  expelled  from  the 

These  acts  are  called  Inspiraiion  and  Expiraiion  respectively* 
pr  the  inspiration  of  air  into  the  lungs  it  is  evident  that  all  that  is 
is  such  a  movement  of  the  side- walls  or  floor  of  the  chest,  or 
ti,  that  the  capacity  of  the  interior  shall  be  enlarged*     By  such 
of  capacity  there  will  be  of  course  a  diminution  of  the  pressure 
air  in  the  lungs,  and  a  fresh  quantity  will  enter  through  the 
and  trachea  to  equalize  the  pressure  on  the  inside  and  outside 
be  chest. 

For  the  expiration  of  air,  on  the  other  hand,  it  is  also  evident  that, 

kiB  opposite  movement  which  shall  diminish  the  capacity  of  the  chest, 

J  pressure  in  the  interior  will  be  increased,  and  air  will  bo  expelled, 

the  pressure  within  and  without  the  chest  are  again  equal.     In  both 

\  the  air  passes  through  the  trachea  and  larynx,  whether  in  entering 

ing  the  lungs,  there  being  no  other  communication  with  the  ex* 

[of  the  body;  and  the  lung,  for  the  same  reason, remains  under  all 

circuiiistances  described  closely  in  contact  with  the  wails  and  floor 

chest.     To  speak  of  expansion  of  the  chest,  is  to  speak  also  of  ex- 

of  the  lung. 

Te  have  now  to  consider  the  means  by  which  the  respiratory  move* 

nts  are  effected* 

^Qspiration. — The  enlargement  of  the  cneat  in  inspiration  is  a 
mlar  act;  the  effect  of  the  action  of  the  inapiratory  muscles  being 
jcrease  in  the  size  of  the  chest-cavity  (a)  in  the  vertical,  and  {^) 
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in  the  lateral  and  antero-posterior  diameters.  The  maaclea  engage 
ordinary  inspiration  are  the  diaphragm;  the  scalcni;  the  external  ii 
costals;  parts  of  the  internal  intercostals;  the  levatores  costarum ; 
serratus  posticus  superior. 

(a,)  The  vertical  diameter  of  the  chest  is  increased  by  the  contrM 
and  consequent  descent  of  the  diaphragm — the  sides  of  the  mascle 
scending  most,  but  the  central  tendon  also  descends  to  some  ext 
while  the  intercostal  and  other  muscles,  by  acting  at  the  same  time, 
vent  the  diaphragm,  during  its  contraction,  from  drawing  in  thei 
of  the  chest. 

(d.)  The  increase  iu  the  lateral  and  antero-posterior  diameters  of 


F\k.  210.  ^Diagram  of  axes  of  moyement  of  ribs. 

chest  is  effected  by  the  raising  of  the  ribs,  the  greater  number  of  yt 
are  attached  very  oblicjuoly  to  the  spine  and  sternum. 

The  elevation  of  the  ribs  takes  place  both  in  front  and  at  the  i 
— the  hinder  ends  being  prevented  from  performing  any  upward  n 
ment  by  their  attachment  to  the  spine.  The  movement  of  the  i 
extremities  of  the  ribs  is  of  necessity  accompanied  by  an  upward 
forward  movement  of  the  sternum  to  w^hich  they  are  attached^  the n 
ment  being  greater  at  the  lower  end  than  at  the  upper  end  of  the  L 
bone. 

The  axes  of  rotation  in  these  movements  are  two;  one  correspon 
with  a  line  drawn  through  the  two  articulations  which  the  rib  fi 
with  the  spine  (a,  h,  fig.  J^IO) ;  and  the  other  with  a  line  drawn  from 
of  these  (head  of  rib)  to  the  sternum  (A  B,  fig.  210) ;  the  motion  of 
rib  around  the  latter  axis  being  somewhat  after  the  fashion  of  rai 
the  handle  of  a  bucket. 


elevation  of  the  ribs  is  accompaDied  by  a  slight  opening  out  ol 
igle  which  the  bony  part  forma  with  its  cartilage  (tig,  211,  A); 
bus  nn  additional  means  is  provided  for  increasing  the  antero- 
ior  diameter  of  the  chest. 

le  muscles  by  which  the  ribs  are  raised,  in  ordinary  quiet  inspira- 
ire  eztertial  intercmtah,  and  that  portion  of  the  internal  iniercostaU 
I  IS  situate  between  the  costal  cartilages;  and  these  arc  assisted 
^wcaleniy  which  fix  tlie  first  and  second  ribs,  the  leva  (ores  cosiarum^ 
he  serratus  posticus  sitperior.  The  action  of  the  hvatores  aod  the 
iiu  ia  very  simple.  Their  fibres,  arising  from  the  spine  as  a  fixed 
;,  pass  obliquely  downward  and  forward  to  the  ribs,  and  necessarily 
the  latter  when  they  contract.  The  action  of  the  intercostal  mus- 
BDot  quite  so  simple,  inasmuch  as,  passing  merely  from  rib  to  rib, 
•eem  at  ilrst  sight  to  have  no  fixed  point  toward  whicli  they  can 
tbe  bones  to  which  they  are  attached. 


Fig.  ill* — ^ninKi^aiu  of  movemfsnt  of  a  rJb  In  luspirattoiL 


\  tranquil  breathing,  the  expansive  movements  of  the  lower  part  of 
best  are  greater  than  those  of  the  upper.  In  forced  inspiration, 
e  other  hand,  the  greatest  extent  of  movement  appears  to  be  in 
pper  antero'posterior  diameter. 

t'iraordinary  or  forced  inspiration,  as  in  violent  exercise,  or  in 
which  there  is  some  interference  with  the  due  entrance  of  air 
the  chest,  and  in  which,  therefore,  strong  efforts  are  necessary,  other 
les  than  those  just  ennraenited,  are  pressed  into  the  service.  It  is 
difficult  or  impossible  to  separate  by  a  hard  and  fast  line  the  bo- 
I  muscles  of  urdinari/  from  those  of  exiraordinari/  inspiration;  but 
■  no  doubt  that  the  following  are  but  little  used  as  reBpiraiory 
except  in  cases  in  which  unusual  efTorta  are  required — the  sterno- 
the  serraius  magmis^  i\\^  jwctorales,  and  the  trapezius^ 
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The  expansion  of  the  chest  in  inspiration  presents  some  pecoliaritifli 
in  different  persons.    In  young  children,  it  is  effected  chiefly  by  tht^ 
diaphragm,  which  being  highly  arched  in  expiration,  becomes  flatter  a^ 
it  contracts,  and,  descending,  presses  on  the  abdominal  yiscera,  aail 
pushes  forward  the  front  walls  of  the  abdomen.    The  movement  of  tlni 
abdominal  walls  being  here  more  manifest  than  that  of  any  other  par^ 
it  is  usual  to  call  this  the  abdominal  type  of  respiration.     In  men,  \^ 
gether  with  the  descent  of  the  diaphragm,  and  the  pushing  forward  ol 
the  front  wall  of  the  abdomen,  the  chest  and  the  sternum  are  subject  ll 
a  wide  movement  in  inspiration  (inferior  costal  tj^e).     In  women,  ih 
movement  appears  less  extensive  in  the  lower,  and  more  so  in  the  uppeq 
part  of  the  chest  {superior  costal  type). 

Expiration. — From  the  enlargement  produced  in  inspiration,  ihl 
chest  and  lungs  return  in  ordinary  tranquil  expiration,  by  their  elastw 
ity;  the  force  employed  by  the  inspiratory  muscles  in  distending  tht 
chest  and  overcoming  the  elastic  resistance  of  the  lunp  and  chest-wallii 
being  returned  as  an  expiratory  effort  when  the  muscles  are  relaxedi 
This  elastic  recoil  of  the  chest  and  lungs  is  sufficient,  in  ordinary  quiel 
breathing,  to  expel  air  from  the  lungs  in  the  intervals  of  inspiratioiii 
and  no  muscular  power  is  required.  In  all  voluntary  expiratory  cfforti^ 
however,  as  in  speaking,  singing,  blowing,  and  the  like,  and  in  many  in- 
voluntary actions  also,  as  sneezing,  coughing,  etc.,  something  more  than 
merely  passive  elastic  power  is  necessary,  and  the  proper  expiratoxj 
muscles  are  brought  into  action.  By  far  the  chief  of  these  are  the  ab- 
dominal muscles,  which,  by  pressing  on  the  viscera  of  the  abdomen,  pus! 
up  the  floor  of  the  chest  formed  by  the  diaphragm,  and  by  thus  makinj 
pressure  on  the  lungs,  expel  air  from  them  through  the  trachea  and 
larynx.  All  muscles,  liowever,  wliich  depress  the  ribs,  must  act  alsoai 
muscles  of  expiration,  and  therefore  wo  must  conclude  that  the  abdoifr 
inal  muscles  are  assisted  in  their  action  by  the  greater  part  of  the  int$r^ 
nal  intercostals,  the  triangularis  sferni,  the  serratus  posticus  inferior 
and  quadrat  us  lumhorum.  When  by  the  efforts  of  the  expiratory  miU| 
cles,  the  chest  has  been  squeezed  to  less  than  its  average  diameter,  i( 
again,  on  relaxation  of  the  muscles,  returns  to  the  normal  dimensioi^ 
by  virtue  of  its  elasticity.  The  construction  of  the  chest-walls,  th( 
fore,  admirably  adapts  them  for  recoiling  against  and  resisting  as 
undue  contraction  as  undue  dilatation. 

In  the  natural  condition  of  tlio  parts  the  lungs  can  never  contrao|| 
to  the  utmost,  but  are  always  more  or  less  "  on  the  stretch,"  being  k( 
closely  in  contact  with  the  inner  surface  of  the  walls  of  the  chest 
cohesion  as  well  as  by  atmospheric  pressure,  and  can  contract  away 
these  only  when,  by  some  moans  or  other,  as  by  making  an  opening  ini 
the  pleural  cavity,  or  by  the  effusion  of  fluid  there,  the  pressure  on 
exterior  and  interior  of  the  lungs  becomes  equal.     Thus,  under  ordi] 
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■ircani stances,  the  degree  of  contraction  or  dilatation  of  the  luogs  is 
■l|»eiiilent  on  that  of  the  boundary  walls  of  the  chest,  the  outer  surface 
of  the  one  being  in  close  contact  with  the  inner  surface  of  the  other, 
ftud  obliged  to  follow  it  in  all  its  movements. 


Methods  of  recording  Respiratory  Movements. 


The 


movementB  of  respiratton  may  1ik>  recor<lf<J  i^raiihically  in  B*:'veral  ways. 

'  ordinary  method  is  to  introtluce  a  tuln^  into  tin*  tmirliea  of  an  aiiinml,  autj 

I  Oocuiect   thij*  tube  by  some  giitta  porclia  tubiiijyj  with  a  T  iiiece   ititri Minced 

f  Uie  cork  of  a  large- sized  Ixittle,  the  other  end  of  the  T  having  attached  to 

aecond   piece  of  tixbing.  which  can  remain  open  or  can  be  partially  or 

pleteljr  closed  by  means  of  a  screw  elamii.     Into  the  c^^irk  is  itj»<_Tted  a  sec- 

l  piece  of  glass  tubing  connected  with  a  Marey'b  tambour  by  i^uitabk^  tuhlug. 

I  iecood  tube  communicates  any  alteration  of  the  pressure  in  the  bottle  of 


.  f>fc  21%,— et«tbofr&pli  or  Pm^umo^mph  A,  tanibour  fixed  atrifi^ht  aaglos  to  plate  of  st«el /; 
pAd.zjTsa  by  wbicb  tattnmieDt  !!« Att^LcheU  to  chest  by  UHtf.  Wtieu  the  che«it  ejcpouds,  tiie 
"ppiAll4?«l  afr-iintler,  whicii  lNi>nclM  tlie  »t«**l  rilatp,  aiiii  tin- lAtnbrmr  ts  a(T*»et«l  by  the  prrasure 

1^  a  ikUiLeheii  to  it  rm  lite  aue  hanil^  &nu  Uj  tbc  upright  in  eouti«cUoii  with  horizoutAl  ttcrevr 

Ii0ed  from  Miirey  s  iii^truuumt.) 


tambour,    and  this  may  he  made  to  write  on   a  recording  surface  (fig. 

II  ihe  tulie  attached  to  the  T  piece  be  closed  the  movements  of  inspira- 

and  expiration  are   larger  than  if   it  were  closed.     The  alteration  of  the 

wiUiiu  the  lungs  on  inspirathm  and  expiration  is  shown  by  the  move- 

tof  tJie  column  of  air  in  tlie  trachea.     By  these  means  a  record  of  the 

movements  may  be  obtained. 

VarioiiB  instruments  for  recording  the  movements  of  the  chest  by  applica- 

I  of  apparatus  to  the  exterior.     8uch  is  the  stcthomcter  of  Burton  Sander- 

This  consists  of  a  frame  formed  of  twu  (parallel  steel   bars  joine<l  by  a 

i  one  end.     At  the  free  end  of  the  barw   i»    attacJied  a  leather  strap,  by 

t  of  whicli  the  apparatus  may  be  ftUb|»^nded  from  the  neck.     Attached  to 

Der  end  of  one   bar   Is  a  tambour  and   ivory  button^  to  the  end  of  the 

irorj"   button.     When   in   une.  the  apparatUii   is  suspended  with  the 

bar  posteriorly t  the   button  of  the  tambour  is  placed  on  the  f»art  of 

the  movement  of  which  it  is  desired  to  retxird,  and  the  other  button 
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is  made  to  press  upon  the  corresponding  side  of  the  chest,  bo  that  tbe  diest  |0» 
as  it  were,  held  between  a  pair  of  calipers.  The  tambour  is  connecfeedb^ 
tubing  and  a  T  piece  with  a  recording  tambour  of  Marey's,  and  with  a  bilU 
by  means  of  which  air  can  be  squeezed  into  the  canity  of  the  tympanum. 
When  in  work  the  tube  connected  with  the  air  ball  is  shut  off  by  means  of  » 
screw  clamp.  The  movement  of  the  chest  is  thus  communicated  to  the  recording 
tambour. 

A  simpler  form  of  this  apparatus,  called  a  pneumograph  or  stethograpl^ 
consisting  of  a  thick  India-rubber  bag  of  elliptical  shape  about  three  indies 
long,  to  one  end  of  which  a  rigid  gutta-percha  tube  is  attached.     This  big 
may  be  fixed  at  any  required  place  on  the  chest  by  means  of  a  strap  and  buckla.  I 
By  means  of  the  gutta-percha  tube  the  variations  of  the  presssuze  of  air  in  ths  : 


Tunboor. 


^be  to  oooima* 
nicata  with  xe- 
flffH^^g  tam- 
bour. 


Ball  to  fin  am- ^. 
zatoairithair. 


Fig.  218.  — Stethometer.    CBurdon  Sanderson.) 


bag  produced  by  the  movements  of  the  chest  arc  communicated  to  a  recording 
tambour.  Tliis  apparatus  is  a  simplified  form  of  Marey's  pneumograph  {Gg, 
212). 

The  variations  of  intrapleural  pressure  may  be  recorded  by  the  introductoa  ' 
of  a  canula  into  the  pleural  or  pericardial  cavity,  which  is  connected  with  a  : 
mercurial  manometer. 

Finally,  it  has  been  foimd  possible  in  various  ways  to  record  the  dia- 
phragmatic movements  by  the  insertion  of  an  elastic  bar  connected  with  a 
tambour  into  the  abdomen  below  it  (phrenograph) ,  by  the  insertion  of  needlsi 
into  different  parts  of  its  structure,  or  by  recording  the  contraction  of  isolated 
strips  of  the  diaphragm. 

The  acts  of  expansion  and  contraction  of  the  chest  take  up  under 
ordinary  circumstances  a  nearly  equal  time.    The  act  of  inspiring  air» 
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merer,  especially  in  women  and  children,  is  a  little  shorter  than  that 
[of  expelling  it,  and  there  is  nonimonly  a  very  slight  piiuse  between  the 
^snd  of  eipiration  mid  the  beginning  of  tlie  next  inspirution.  The  res* 
piratory  rhythm  may  be  thus  expressed  :— 


Inapiraiion 

Erpiration 


A  very  slight  paiiM. 


If  the  ear  be  placed  in  contact  with  the  wall  of  the  chest,  or  be  eep- 
listed  from  it  only  by  a  i^ood  conductor  of  sound  or  stethoscope,  a  faint 
mpiraiory  murmur  is  heard  dnring  inspiration.     This  sound  variea 


Ji  ^     n- 


t. 


iMMirii  I  miimiiilrnnjiii  1 1 1  ii 

Fl|f.  SEH.— Tracing  of  the  norma]  dlftphrai^m  r^Hpirationa  of  rob  Lit.    a,  with  quick  movetnent  of 
ft.  with  alow  niovement.    j,  Inaplratiou,  k,   expiration.     To  be  read  from  left  to  right. 

Eiewhat  in  different  parts — being  loudest  or  coarsest  in  the  neighbor- 

lof  the  trachea  and  large  bronchi  {tracheal  and  bronchial  breathing), 

lading  o^  into  a  faint  sighing  as  the  ear  is  placed  at  a  distance  from 

(vefiicular  breathing).     It  is  best  heard  in  children,  and  in  Ibem 

lint  murmur  is  heard  in  expiration  also.     The  cause  of  the  vesicular 

lur  has  received  various  explanations.     Most  observers  hold  that 

fibesoand  is  produced  in  the  glottis  and  larger  bronchial  tubes,  but  that 

it  is  modified  in  its  passage  to  tlie  pulmonary  alveoli.      In  disease  of 

ilhe  luDgs  the  vesicular  murmur  untiergoes  various    modifications,  for 

leacription  of  which  one  must  consult  text-books  ou  physical  diag- 
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the  action  of  the  muscles  which  directly  draw  air  into  the  chesty  the 
which  guard  the  opening  through  which  it  enters  are  not  pasdve.  ! 
hurried  breathiug  the  instinctive  dilatation  of  the  nostrils  is  well  sec 
although  under  ordinary  conditions  it  may  not  be  noticeable.  T 
opening  at  the  upper  part  of  the  larynx,  however,  or  rima  glottidis, 
dilated  at  each  inspiration  for  the  more  ready  passage  of  air,  and  1 
comes  smaller  at  each  expiration;  its  condition,  therefore,  correspondi 
during  respiration  with  that  of  the  walls  of  the  chest.  There  is  a  fi 
ther  likeness  between  the  two  acts  in  that,  under  ordinary  ciroumstf 
ces,  the  dilatation  of  the  rima  glottidis  is  a  muscular  act  and  itscontn 
tion  chiefly  an  elastic  recoil;  although,  under  various  conditions  to 
hereafter  mentioned,  there  may  be  in  the  latter  considerable  muscn 
power  exercised. 

Terms  used  to  express  Quantity  of  Air  breathed. — a.  Brea 
ing  or  tidal  air,  is  the  quantity  of  air  which  is  habitually  and  abm 
uniformly  changed  in  each  act  of  breathing.  In  a  healthy  adult  m 
it  is  about  30  cubic  inches,  or  about  500  ccnu,  or  half  a  litre. 

b.  Coviplemental  air,  is  tlie  quantity  over  and  above  this  which  c 
be  drawn  into  the  lun^i^g  in  the  deepest  inspiration;  its  amount  vari 
but  may  be  reckonded  as  100  cubic  inches,  or  about  1,600  ccm. 

c.  Reserve  air. — After  ordinary  expiration,  such  as  that  which  exp 
the  breathing  or  tidal  air,  a  certain  quantity  of  air,  about  100  cul 
inches  (1,600  ccm.)  remains  in  the  lungs,  which  may  be  expelled  bi 
forcible  and  deeper  expiration.  This  is  termed  reserve  or  supplemen 
air. 

d.  Residual  air  is  the  quantity  which  still  remains  in  the  lungs  aft 
the  most  violent  expiratory  effort.  Its  amount  depends  in  great  met 
ure  on  the  abt^olutc  size  of  the  chest,  but  may  be  estimated  at  about  II 
cubic  inches,  or  about  1,000  ccm.  to  2,000  ccm. 

The  total  quantity  of  air  whicli  passes  into  and  out  of  the  lungs  i 
an  adult,  at  rest,  in  24  hours,  is  about  686,000  cubic  inches.  Thisquai 
tity,  however,  is  largely  increased  by  exertion ;  the  average  amount  ft 
a  hard-working  laborer  in  the  same  time  being  1,568,390  cubic  inchea. 

e.  Respiratory  Capacity, — The  greatest  respiratory  capacity  of  tl 
chest  is  indicated  by  the  quantity  of  air  which  a  person  can  expel  froi 
his  lungs  by  a  forcible  expiration  after  the  deepest  inspiration  possibk 
it  expresses  the  power  which  a  person  has  of  breathing  in  the  emerge! 
cies  of  active  exercise,  violence,  and  disease.  The  average  capacity 
an  adult,  at  15.4°  C.  (60°  F.),  is  about  225  to  250  cubic  inches,  or  3,5 
to  4,000  ccm. 

The  respiratory  capacity,  or  as  John  Hutchinson  called  it,  vital  capaci^ 
is  usually  measured  by  a  modified  gasometer  or  spirometer^  into  which  \ 
experimenter  breathes, — making  the  most  prolonged  expiration  possible  af 
the  deepest  possible  inspiration.    The  quantity  of  air  wbicb  is  ttius  expel 
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tbe  lungfi  ifl  iodieated  by  the  hoight  to  which  the  air  chamber  of  the 
:umeter  riaed:  and  by  means  of  a  scale  yhiued  ia  connect  ion  with  this,  the 
fiber  of  cubic  iDchee  is  read  off. 

In  healtby  men,  the  respiratory  capacity   varies  chiefly  with  the 

iiture,  weight,  aod  age. 

It  was  found  by  Hutchinson,  from  whom  most  of  our  information 

^Atbis  subject  is  derived,  that  at  a  temperature  uf  ir>.4"  C.  ((10°  FV), 

PHS  cubic  inches  is  the  average  rtfal  or  respiratory  capacity  of  a  healthy 

pewon,  five  feet  seven  inches  in  height. 

»Circuttu*tanc^it  affecting  the  amount  of  rcj^piratory  capacity. — For  every  inch 
beight  above  this  standard  tlie  capacity  jh  incrciiseU,  on  an  average,  by  eight 
inches;  and  for  every  inch  Ih-Iuvv,  it  is  dirnlnishtH^l  by  thy  aanie  ainoyut. 

The  influence  of  treigiii  on  the  capacity  of  re.^pi ration  is  less  manifest  and 
00!iisidt*rabh>  than  that  (»f  hc^ij^ht :  ami  it  in  ditUcnlt  to  arrive  at  any  definite 
oocii'hi^^ions  on  this  jKiint.  becanse  the  mitiiral  average  weight  of  a  healthy 
man  in  relation  to  stature  has  ntjt  yet  l>een  determined.  As  a  general  state- 
meat,  however,  it  may  b*-  Raid  that  the  capacity  of  r*/^Hpiration  is  not  affect-ed 
bj  weights  under  161  pounds,  or  11^  BUmes;  but  that,  above  this  point,  it  is 
diminished  at  the  rate  of  one  cubic  inch  for  every  additional  pound  up  to  190 
Lpttida  or  14  stones. 

^■By  age^  tlie  capacity  appeal's  to  be  increased  from  about  the  fifteenth  to  tlie 
^ifty-fifth  year,  at  the  rate  of  five  cubic  indite  i>er  year ;  from  thirty-five  to 
riity-five  it  dirainishesi  at  tlie  rate  of  about  t*ne  aad  a  iialf  cubic  inch  per  year ; 
■0  that  the  capacity  of  respiration  of  a  man  of  uixtj  years  old  would  be  about 
SO  eubic  iuchea  less  than  that  of  a  man  of  forty  yeairi  old,  of  the  same  height 
nd  weight,     (John  Hutchinson. ) 

The  number  of  respirations  in  a  healthy  adnlt  person  usually  ranges 
m.  H  to  18  per  minute.     It  is  greater  in  infancy  and  childhood.     It 
iefl  also  much  according  to  di  tie  rent  circumstances,  such  as  exercise 
Test,  health,  or  disease,  etc,     Yarisiiious  in  the  inunberof  respirations 
espond  ordinarily  with  similar  variations  iu  the  pulsations  of  the 
heart.    In  health  the  proportion  is  about  1  to  4,  or  1  to  5,  and  when  the 
ripi<Hty  of  the  heart's  action  is  increased,  thut  of  the  chest  movement  is 
coRiraonly  increased  also;  but  not  in  every  case  iu  equal  proportion.     It 
happens  occasionally  in  disease,  especially  of  the  lungs  or  air-passages, 
to  the  number  of  respirftfori/  acts  increases  in  quicker  proportion  than 
ihebeat^  of  t\w  pulse;  and>  in  other  aiTections,  much  more  commonly, 
tbat  the  number  of  the  pulseg  is  greater  in  proportion  than  that  of  the 
IriMpimtions. 

V  The  Force  of  InHpiratory  and  Expiratory  MurcUs, — The  force  with 
r  'hich  the  inspiratory  muscles  are  capable  of  acting  \%  grei»test  in  indi- 
f  ^fluttlg  of  the  height  of  from  five  feet  seven  inches  to  fi\'2  feet  eight 
^^cheg,  and  wnll  elevate  a  column  of  three  inches  of  mercury.  Above 
tljii  height  the  force  decreases  us  the  stature  iiu^resiees;  so  that  the  aver- 
*g^  of  men  of  six  feet  can   elevate  only  about  two  and  a  half  inches  of 
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mercury.  The  force  manifested  in  the  strongest  expiratory  acts  is,  on 
the  average^  one-third  greater  than  that  exercised  in  inspiration.  But 
this  difference  is  in  great  measure  due  to  the  power  exerted  by  the 
elastic  reaction  of  the  walls  of  the  chest;  and  it  is  also  much  influenced 
by  the  disproportionate  strength  which  the  expiratory  muscles  attain, 
from  their  being  called  into  use  for  other  purposes  than  that  of  simple 
expiration.  The  force  of  the  inspiratory  act  is,  therefore,  better  adapted 
than  that  of  the  expiratory  for  testing  the  muscular  strength  of  the 
body.     (John  Hutchinson.) 

The  instrument  used  by  Hutchinson  to  gauge  the  inspiratory  and  ezpiratocj 
power  was  a  mercurial  manometer,  to  which  was  attached  a  tube  fitting  the 
nostrils,  and  through  which  the  inspiratory  or  expiratory  effort  was  made. 
The  following  table  represents  the  results  of  numerous  experiments : 

Power  of  Power  of 

Inspiratory  Muscles.  Ezplratory  Muscles. 

1.5  in Weak  ....  2.0  in. 

2.0  "  .                  .  .          Ordinary          ...  2.5  " 

2.5  "...  .     Strong          .         .         .  .     8.5  ** 

3.5  "   .         .         .  Very  strong     .         .         .  4.5" 

4.5  •*                 .  .    Remarkable         .         .  .     5.8  " 

5.5  "  .  Ver>'  remarkable     .         .  7.0  " 

6.0  "  .     Extraordinary     .         .  .     8.5  " 

7.0  -   .  Very  extraordinary  10.0** 

The  greater  part  of  tlie  force  exerted  in  deep  inspiration  is  emplo>^ 
in  overcoming  the  resistance  offered  by  the  elasticity  of  the  lungs. 

The  amount  of  this  elastic  resistance  was  estimated  by  observing  the  eleva- 
tion of  a  column  of  mercury  raised  by  the  return  of  air  forced,  after  death, 
into  the  lungs,  in  quantity  equal  to  the  known  capacity  of  respiration  during 
life ;  and  Hutchinson  calculated,  according  to  the  well-known  hydroatatic  law 
of  equality  of  pressures  (as  shown  in  thoBi*amah  press),  that  the  total  force  to 
be  overcome  by  the  niuscles  in  the  act  of  inspiring  200  cubic  inches  of  air  ib 
more  than  450  lbs. 

Tlie  elastic  force  overcome  in  ordinary'  inspiration  is,  according  to  the  same 
authority,  etjual  to  about  170  lbs. 

Douglas  Powell  has  shown  that  within  the  limits  of  ordinary  tran- 
quil respiration  the  elastic  resilience  of  the  walls  of  the  chest  favors  in- 
spiration ;  and  that  it  is  only  in  deep  inspiration  that  the  ribs  and  rib- 
cartilages  offer  an  opposing  force  to  their  dilatation.  In  other  words, 
the  elastic  resilience  of  the  lungs,  at  the  end  of  an  act  of  ordinarf 
breathing,  has  drawn  the  chest-walls  within  the  limits  of  their  normal 
degree  of  expansion.  Under  all  circumstances,  of  course,  the  elastio 
tissue  of  the  lungs  opposes  inspiration  and  favors  expiration. 

It  is  possible  that  the  contractile  power  which  the  bronchial  tnl«* 
and  air- vesicles  possess,  by  means  of  their  muscular  fibres  may  (1)  assift* 
in  expiration;  but  it  is  more  likely  that  its  chief  purpose  is  (2)  to  reg^* 
late  and  adapt,  in  some  measure,  the  quantity  of  air  admitted  to  i^^ 
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gs,  and  to  each  part  of  them,  according  to  the  supply  of  blood;  (3) 
^  muscalar  tissue  contracts  upon  and  gradimlly  expels  collect  ions  of 
lioas^  which  may  have  accumu luted  within  the  tubes,  and  which  cannot 
^  ejected  by  forced  expiratory  eiforts,  owing  to  collapse  or  other  nior- 
d  conditions  of  the  portion  of  lung  connected  with  the  obstructed 
ibes  (Guirdner).  (4)  Apart  from  any  of  the  before-mentioned  func* 
OTIS,  the  presence  of  ra oscular  fibre  in  the  walls  of  a  hollow  viscus, 
ich  as  a  lung,  is  only  what  might  be  expected  from  analogy  wtth  other 
Irgans.  Subject  as  the  lungs  are  to  such  great  variation  in  size,  it 
Blight  be  anticipated  tliat  the  elastic  tissue,  which  enters  so  largely  into 
keir  composition,  would  he  supplemented  by  the  presence  of  much 
llliscukr  lMiY&  also. 

Respiratory  Changes  in  the  Air  Breathed. 

Composition  of  the  Atnwspliere, — The  atmosphere  we  breathe  has,  in 
rrery  situation  in  which  it  has  been  examined  in  its  natural  state,  a 
learly  uniform  composition.  It  is  a  mixture  of  oxygen,  nitrogen,  car- 
lon  dioxide,  argon,  and  watery  vapor,  with,  commonly,  traces  of  other 
i,  as  ammonia,  sulphuretted  hydrogen,  etc.  Of  every  1(H>  raittmes 
if  pure  atraoapheric  air,  70  volumes  (on  an  average)  consist  of  nitrogen, 
be  remaining  21  of  oxygen.  By  weight  the  proportion  is  N.  77,  0*  23. 
lio  proportion  of  carbon  dioxide  is  extremely  small;  10,000  volumes  of 
llmospheric  air  contain  only  about  4  or  5  of  that  gas. 

The  qnantity  of  watery  vapor  varies  greatly  according  to  the  temper- 
iture  and  other  circumstances,  but  the  atmospliero  is  never  without 
mroe.  In  this  country,  the  avenige  quantity  of  watery  vapor  in  the  at- 
moaphere  is  L40  per  cent. 

it  ion  of  Air  fvhich  has  been  hretdheiL — The  changes  effected 

tion  in  the  atmospheric  air  are:  1,  an  increase  of  temperature; 

^tn  increase  in  the  quantity  of  carbonic  acid;  3,  a  diminution  in  the 

tity  of  oxygen;  4,  a  diminution  of  volume;  5,  an  increase  in   the 

ni  of  watery  vapor;  6,  the  addition  of  a  minute  amount  of  organic 

matter  and  of  free  ammonia. 

L  The  expired  mr^  heated  by  its  contact  with  the  interior  of  the 
w  (at  least  in  most  climates)  hftlfer  than  the  inspired  air.  Its 
pature  varies  between  ^-^37,^"  0.  (97"  and  99.5^  R),  the  lower 
ratare  being  observed  when  the  air  has  remaiued  but  a  short  time 
iehngs.  Whatever  may  be  the  temperature  of  the  air  when  in- 
it  acquires  nearly  that  of  the  blood  before  it  is  expelled  from  the 
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[%  The  Carbonic  dioxide  in  incrmmd;  but  the  quantity  exhaled  in  a 
^  time  is  subject  to  change  from  various  circumstances.  From 
*J  volume  u£  sir  inspired,  from  4  to  5  per  cent  of  oxygen  is  abstracted ; 
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while  a  rather  smaller  quantity,  4.0  of  carbon  dioxide  is  added  in  id 
place:  the  expired  air  will  contain,  therefore,  400  vols,  of  carbon  dioxuk 
in  10,000.     The  quantity  of  carbon  dioxide  exhaled  into  the  air  bretthflfj 
by  a  healthy  adult  man.  calculating  that  20  ccm.  of  the  500  ocm.  of  thi] 
air  breathed  out  at  each  expinition  consists  of  carbon  dioxide,  and  i 
the  rate  of  respiration  is  on  an  average  16,  the  total  amount  would  1 
about  460  litres  in  the  24  hours.     From  actual  experiment  this  amoiiiit| 
seems  to  be  too  high,  since  from  the  average  of  many  investigations 
total  amount  of  carbon  dioxide  excreted  per  diem  has  been  found  to 
about  400  litres,  weighing  800  grms.,  consisting  of  218  grms.  of  C, 
582  grms.  of  O.     From  this  has  to  be  deducted  about  10  grms.  excreted  i| 
any  other  way  than  by  the  lungs,  it  leaves  about  215  grms.  as  the  i 
of  C.  excreted  by  the  average  healthy  man  by  respiration  each  day  i 
night,  that  is  about  7  oz.,  about  half  a  pound.    These  quantities  mn 
be  considered  approximate  only,  inasmuch  as  various  circumstances,! 
in  health,  influence  the  amount  of  carbon  dioxide  excreted,  and,  oor 
tively,  the  amount  of  oxygen  absorbed. 

Circumatajiccft  influencing  the  amount  of  carbon  dioxide  excreted.- 
ami  Sex,— The  quantity  of  carlxm  dioxide  exhaled  into  the  air  breatlied 
males,  regularly  increases  from  8  to  30  years  of  age ;  from  30  to  50  the  quanfcl 
after  remaining  stationary'  for  a  while,  gradually  diminishes,  and  from  50  \ 
extreme  age  it  gm^s  on  diminishing,  till   it  scarcely  exceeds  the  quantity  i 
haled  at  ten  years  old.     In  females  (in  whom  the  quantity  exhaled  is  i 
less  than  in  mak»s  of  the  siime  age)  the  same  regular  increase  in  quantity  | 
on  from  the  Hth  year  to  the  age  of  puberty,  when  the  quantity  abruptly  < 
to  increase,  and  remains  stationary  so  long  as  they  continue  to  men 
When  menstruation  has  ceased,  it  soon  decreases  at  the  same  rate  as  it  does  J 
old  men. 

h.  Respiratory  MovementH. — Tlie  quicker  the  respirations,  the  smaller  isl 
propi>rtionate  (luantity  of  carlxm  dioxide  contained  in  each  volume  of  the  ex 
air.     Although  the  proportionate  quantity  of  carbon  dioxide  is  thus  diminii 
the  absolute  amount  exiialed  within  a  given  time  is  increased  thereby,  owing  f 
the  larger  quantity  of  air  which  is  hreathed  in  the  time.     The  last  half  of  a  y 
ume  of  exi)ired  air  contains  more  carbonic  acid  than  the  half  first  expired ;4 
circumstance  which   is  explained  by  the  one  portion  of  air  coming  from  i 
remote  part  of  the  lungs,  where  it  has  been  in  more  immediate  and  prolo 
contact  with  the  blocni  than  the  other  has,  which  comes  chiefly  from  the  1 
bronchial  tubes. 

c.  Extei^md   tem])crature.— The  observation   made  by  Vierordt  at 
temperatures  between  3.4"— 23.  K    C.  (38'  F.  and  75"*  F.)  show,  for  warm-l] 
animals,  that  within  this  range.  ever>'  rise  equal  to  5.5°  C.   (10*  F.) 
diminution  of  about  33  ccm.   (2  cubic  inches)  in  the  quantity  of  carbonic  J 
exhaled  per  minute. 

d.  Season  of  the  Year.— The  season  of  the  year,  independently  of  temp 
ture,  materially  influences  the  respiratory  phenomena ;  spring  being  the  i 
of  the  greatest,  and  autumn  of  the  least  activity  of  the  respiratory  and  < 
functions.  ! 

c.  Purity  of  the  Respired   -4ir.— The  average  quantity    of  carbon  diozi^ 
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oat  hj  the  Itmgs  constitutes  about  4.3  per  cent,  of  tbe  expired  air:  btit 
^le  air  which  is  breathed  b©  previously  impregnated  with  carbon  dioxide 
is  the  case  when  tlie  same  air  is  frequentlj  respired) ,  then  the  quantity  of 
rtxm  dioxide  exhaled  becomes  relatively  much  le^s. 

/,  Hygrometric  State  of  Atmospliere.^TUeixmouniot  carbon  dioxide  exhaled 
ooQsiderably  influenced  by  the  degree  of  moisture  of  the  atmosphere,  much 
being  given  off  when  the  air  is  moist  than  when  it  is  dry. 
Period  of  the  Day, — During  the  day-time  more  carbon  dioxide  is  exhaled 
corre8p<:»nds  to  the  oxygen  absorbed  ;  while,  on  the  other  hand,  at  tiighl 
much  more  oxygen  is  absorbed  than  is  exhaled  in  carlx>o  dioxide.  Theru  is. 
a  reserve  fund  of  oxygen  absorbed  bj'  niglit  to  meet  the  requirements  of  tlie 
If  the  total  quantity  of  carbon  dioxide  exhaled  in  24  hours  be  repre- 
by  100,  62  parts  are  exhaled  during  the  day,  and  4H  at  night.  While 
ly.  33  parta  of  the  oxygen  are  absorbed  during  the  day,  and  the  remain- 
f7  by  night. 

L  Food  €tnd  Drink. — By  the  use  of  food  the  quantity  is  increased,  while 
fttting  it  is  diminished;    it  is  greater  when  animals  are  fed  un  farinaceous 
than  when  fed  on  meat.     The  effects  protlueed  by  spirituous  drinks  de- 
much  on  the  kind  of  drink  taken.     Pure  alcohol   tends  rather  to  increase 
to  lessen  respiratory  changes,  and  tlie  amount  therefore  of  carbon  dioxide 
rum,  ale,  and  porter,  also  sherry »  have  very  similar  effects.     On  the 
hand»  brandy,  wliiskey,  and  gin,  particularly  the  latter,  ahnost  always 
the  respiratory  changes,    and   coDfteqiiently  the  amount  of  the  gas 
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^terdm, — Bodily  exercise,  in  moderation,  increases  the  quantity  to  about 

than  it  is  during  rest :  and  for  about  an  hour  after  exercise  the  volume 

air  expired   in  the  mi  mite  is  increased  nearly  2,000  ccm.,  or  118  cubic 

:  and  the  quantity  of  carbon  dioxide  al>out  125  com.,  or  7.8  cubic  inches 

Bunute.     Violent  exercise,  such  as  full   labor  on  the  tread- wheel,  still  fur- 

incTieaaes  the  amount  of  the  acid  exhaled. 

larger  quantity  is  exhaleil  when  the  barometer  is  low  than  when  it  is 


The  tmygen  is  diminished.     Pettenkofer  and  Voit  have  found  tliat 

^iDean  conBiimptioi]  of  oxvgen  during  24  houre,  by  a  roan  weighing 

flilos,  18  about  700  gnns.^  or  490  litres.     The  quantity  of  oxygen  ab- 

rbed  increasea  with  muscular  exercise,  and  falls  during  rest.     In  gt*n- 

I  terms  the  quantity  absorbed  varies  with  the  activity  of  the  metabolic 


The  voluine  of  air  is  dimiuiithcd  (allowaui'e  being  made  for  the  ex- 
aian  in  heating),  the  loss  being  due  to  the  fact  that  a  portion  of  the 
g€n  absorbed  is  not  returned  in  the  form  of  carbon  dioxide.  Since 
rcfxygen  of  a  given  vohime  of  carbon  dioxide  would  have  the  same 
iDie  as  the  carbon  dioxide  itself  at  a  given  temperature  and  prcESure, 
ioD  of  the  oxygen  absorbed  must  be  used  for  other  purposes  than 
formation  of  carbon  dioxide.  In  fact,  Bome  of  it  is  used  in  tbe 
Dation  of  urea,  some  in  the  formation  of  water,  etc*  The  oxygen  in 
i8 
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the  carboD  dioxide  exhaled,  divided  by  the  oxygen  absorbed,  gives  wlisl 
is  known  as  the  respiratory  quotient ;  thus 

CO,  exhaled 
0,  absorbed 

Normally  in  roan  on  a  roixed  diet  the  respiratory  quotient  is 

i:^=  0.8^.9. 
o 

But  it  is  subject  to  variation  through   several  causes;    for  examj 
through  variation  in  diet.     On  a  carbohydrate  diet  the  respiratory  qi 
tient  may  rise  above  0.9,  since  carbohydrates  contain  enough  oxygen 
oxidize  the  carbon  in  their  molecule.     On  a  diet  containing  much  fit. 
is  lowest,  since  oxygen  is  needed  to  completely  oxidize  it.    And  the 
is  true,  but  to  a  less  degree,  in  the  case  of  proteids.     Muscular  ex( 
raises  the  respiratory  quotient,  because  in  its  performance  carbohydi 
are  used  up. 

5.  The  watery  vajwr  is  hwreased, — The  quantity  emitted  iB,  a 
general  rule^  sufficient  to  saturate  the  expired  air,  or  very  nearly 
Its  absolute  amount  is^  tlierefore^  influenced  by  the  following 
stances,  (1),  by  the  quantity  of  air  respired;  for  the  greater  this  is, 
greater  also  will  be  the  quantity  of  moisture  exhaled;  (2),  by  the  qi 
tity  of  watery  vapor  contained  in  the  air  previous  to  its  being  inspi 
because  the  greater  this  is,  the  less  will  be  the  amount  to  complete 
saturation  of  the  air;  (3),  by  the  temperature  of  the  expired  air; 
the  higher  tliis  is,  the  greater  will  bo  the  quantity  of  watery  vapor 
quired  to  saturate  the  air;  (4),  by  the  length  of  time  which  each  voli 
of  inspired  air  is  allowed  to  remain  in  the  lungs;  for  although,  di 
ordinary  respiration,  the  expired  air  is  always  saturated  with  wal 
vapor,  yet  when  resi)inition  is  performed  very  rapidly  the  air  has 
time  to  bo  raised  to  the  highest  temperature,  or  be  fully  charged 
moisture  ere  it  is  expelled. 

The  quantity  of  water  exhaled  from  the  lungs  in  twenty-four  hoa 
ranges  (according  to  the  various  modifying  circumstances  already  mM 
tioncd)  from  about  G  to  27  ounces,  the  ordinary  quantity  being  about 
or  10  ounces.  Some  of  this  is  probably  formed  by  the  chemical  ooi 
bination  of  oxygen  with  hydrogen  in  the  system;  but  the  far  laigl 
proportion  of  it  is  water  which  has  been  absorbed,  as  such,  into  tl 
blood  from  the  alimentary  canal,  and  which  is  exhaled  from  the  surfM 
of  the  air-passages  and  cells,  as  it  is  from  the  free  surfaces  of  all  moi 
animal  membranes,  particularly  at  the  high  temperature  of  warm-bloodi 
animals. 

6.  A  small  quantity  of  ammonia  is  added  to  the  ordinary  constttl 
ents  of  expired  air.     It  suen.d  probable,  however,  both  from  thefactUil 
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substance  cannot  be  alwaja  detected,  and  from  its  minnte  amount 

m   preaent,   that    tho  whole  of  it  may  be  derived  from  decompos- 

particles  of  food  left  in  the  month,  or  from  ear  ions  teeth  or  tlie 

;  and  that  it  is,  therefore,  only  un  accidental  constitnent  of  expired 

7.    Tl^e  quantity  of  orrjamc  muikr  in  the  hreaih  ih  infrcitmL     It  was 
rraerly  supposed  that  this  organic  nuitter  uaa  injuritma  antl  gave  riae 
the  unpleHsant  symptoms  which  come  on  in  badly  vuutiliited  rooms. 
it  Ihia  has  been  proved  erroneous. 

lUihitd  of  Erf^riment.—Th^  exporimenta  are  cooductetl  in  such  a  manner  that 

ifmnitive  analyses  may  Ijc  made  betweca  tlie  air  i inspired  arul   thut  expired, 

lly  Au  animal  is  placed  in  a  charaher,  callwl  tlie  respiratory  diaaibcr,  liaviag 

Itwo  upenings— one  ftir  the  eutranct*  of  the  liiapired  air.  tlie  other  for  tlie  escape 

pircd  air.     Some  form  of  pump  is  used  for  re oe wing  tlie  air  in  tlie  chamhtT, 

the  iiispire<l  aad  expired  air  ia  laade  to  pass  through  ngcnta  wliieh  will  absorb 

contained  carbon  dioxide,  such  as  barjta  water  or  soda  lime,  and  in  turn  through 

bich  will  absorb  the  watery  vapor,     Wiica  the  experimeat  is  completed 

differences  between  the  two  are  determined.     The  difTercnee  in  oxygen  lias  to 

kicalated,  and  is  opea  to  error.     The  famous  respiratory  chamber  of  Petten- 

is  large  enough  to  perform  such  experimeats  on  man,  and  is  of  very  elaborate 

ion. 

Eaw  tk€  Changes  in  ike  Air  are  effected, — The  method  by  which 

air  is  inhalt?d  and  expelled  from  the  lungs  has  been  explained. 

remftins  to  consider  how  it  is  that  the  blood  absorbs  oxygen  from, 

gi?es  op  carbonic  acid  to*  the  air  of  the  alveoli.     In  the  first  place^ 

must  he  remembered  that  the  tidal  air  only  amounts  to  about  25 — 30 

inches  (about  500  ccm.)  at  each  inspiration,  and  that  this  is  of 

insuflBcient  to  fill  the  longs,  hut  it  mixes  with  the  stationary  air 

iiffusicHj  and  so  supplies  to  it  new  oxygen*     The  amount  of  oxygen 

expired  air,  which  may  be  taken  as  the  average  composition  of  the 

air  in  the  lungs,  is  about  16  to  17  per  cent;  in  the  pulmonary 

it  muy  be  rather  less  than  this.     From  this  air  the  venous  blood 

to  take  up  oxygen  in  the  proportion  of  8  to  12  vols,  per  cent  of 

I,  as  the  difference  between  the  amount  of  oxygen  in  arterial  and 

^aa  blood  is  no  less.     It  seems  therefore  somewhat  diflficnit  to  under- 

id  how  this  ciin  be  accomplished  at  the  low  purtial  pressure  oi  oxygen 

the  pulmonary  air.     But  as  was  pointed  out  in  a  previous  Chapter 

L)t   the  oxygen  is  not  simply  dissolved  in  the  blood,  but  is  to  a  great 

t  chemically  combined  with  the  hiemoglobin  of  the  red  corpuscles; 

when  a  fluid  contains  a  body  which  enters  into  loose  chemic^il  com- 

on  in  this  way  with  a  gas,  the  tension  of  the  gas  in  the  fluid  is 

directly  proportional  to  the  total  quantity  of  the  gas  taken  up  by 

id,  hut  to  the  excess  above  tho  total  quantity  which  the  substance 

Hred  in  the  fluid  is  capable  of  taking  up  (a  known  quantity  in  the 

of  haemoglobin,  viz.,  1.59  cm.  for  1  grm.  haemoglobin).     On  the 
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other  hand,  if  the  substance  be  not  saturated,  1.0.,  if  it  be  not  combined 
with  as  much  of  the  gas  as  it  is  capable  of  taking  up,  farther  combina> 
tion  leads  to  no  increase  of  its  tension.     However,  there  is  a  point  it 
which  the  hssmoglobin  gives  up   its  oxygen  when  it  is  exposed  to  a 
low  partial  pressure  of  oxygen,  and  there  is  also  a  point  at  which  Ht 
neither  takes  up  nor  gives  out  oxygen;  in  the  cose  of  arterial  blood ol 
the  dog,  this  is  found  to  be  when  the  oxygen  tension  of  the  atmospheii 
is  equal  to  3.9  per  cent  (or  29.G  mm.  of  mercury),  which  is  equivali 
to  saying  that  the  oxygen  tension  of  arterial  blood  is  3.9  percent;  venom 
blood,  in  a  similar  manner,  has  been  found  to  have  an  oxygen  tension  1 
2.8  per  cent.     At  a  higher  temperature,  the  tension  is  raised,  as  there 
a  greater  tendency  at  a  high  temperature  for  the  chemical  compound  tl 
undergo  dissociation.     It  is  therefore  easy  to  see  that  the  oxygen  tenofli 
of  the  air  of  the  puhnonary  alveoli  is  quite  sufiScient,  even  supposing 
much  less  than  that  of  the  expired  air,  to  enable  the  venous  blood  i 
take  up  oxygen,  and  what  is  more,  it  will  take  it  up  until  the  hcDO 
globin  is  very  nearly  saturated  with  the  gas. 

As  regards  the  elimination  of  carbon  dioxide  from  the  blood, 
is  evidence  to  show  that  it  is  given  up  by  a  process  of  simple  diffnsifli 
the  only  condition  necessary  for  the  process  being  that  the  tension 
the  carbonic  acid  of  the  air  in  the  pulmonary  alveoli  should  be  less  thi 
the  tension  of  the  carbonic  acid  in  venous  blood.  The  carbonic  ad 
tension  of  the  alveolar  air  probably  does  not  exceed  (in  the  dog)  3  or 
per  cent,  while  that  of  the  venous  blood  is  5.4  per  cent,  or  equal  tol 
mm.  of  mercury. 

Respiratory  Changes  in  the  Blood. 

Circulation  of  Blood  in  the  Respiratory  Organs. — To  be  exposed 
the  air  thus  alternately  moved  into  and  out  of  the  air-cells  and  mil 
bronchial  tubes,  the  blood  is  propelled  from  the  right  ventricle  th; 
the  pulmonary  capillaries  in  steady  streams,  and  slowly  enough  to 
mit  every  minute  portion  of  it  to  be  for  a  few  seconds  exposed  to 
air,  with  only  the  thin  walls  of  the  capillary  vessels  and  the  ai: 
intervening.     The  pulmonary  circulation  is  of  the  simplest  kind: 
the  pulmonary  artery  branches  regularly;  its  successive  branches  run 
straight  lines,  and  do  not  anastomose :  the  capillary  plexus  is  unifoi 
spread  over  the  air-cells  and  intercellular  passages;  and  the  veins 
rived  from  it  proceed  in  a  course  as  simple  and  uniform  as  that  of 
arteries,  their  branches  converging  but  not  anastomosing.     The  vi 
have  no  valves,  or  only  small  imperfect  ones  prolonged  from  their  angi 
of  junction,  and  incapable  of  closing  the  orifice  of  either  of  the  v( 
between  which  they  are  placed.     The  pulmonary  circulation  also  is  w 
affected  by  changes  of  atmospheric  pressure,  and  is  not  exposed  to  tM 
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pressure  of  moacles:  the  force  by  which  it  is  accom- 
coaree  of  the  blood  are  alike  simple. 
Changes  in  the  Blood. — The  most  obvious  chimge  which  the  blood  of 
pulmonary  artery  undergoes  in  its  passage  through  the  lungs  is  1st, 
of  color,  the  dark  crinisoo  of  venous  blood  being  exchanged  for  the 
tnght  scarlet  of  arterial  blood.  The  cause  of  this  has  been  already 
hown  to  be  that  the  arterial  blood  contains  a  greater  quantity  of  scarlet 
oiyhaemoglobin ;  2d,  and  in  connection  with  the  preceding  change  it 
ins  oxygen  ;  3d,  it  loses  carbon  dioxide.  It  was  incidentally  mentioned 
the  Chapter  on  the  Blood  that  the  carbon  dioxide  which  is  carried 
jr  the  blood  to  be  eliminated  by  the  lungs  is  not  simply  dissolved  in 
h^  plasma.  It  is  combined  with  some  Bubstance  in  the  blood,  and 
len  it  is  carried  to  the  lungs  this  substance  must  undergo  decomposi- 
What  is  the  nature  of  the  compound  it  forms  is  not  kisowDj  but 
appcurs  most  likely  that  the  gas  is  combined  in  the  plasma  with  the 
Mitum  carbonate  which  it  contains.  It  has  also  been  suggested  that  as 
le  carbon  dioxide  of  the  entire  blood  is  more  easily  given  up  to  the 
leaam  of  a  mercurial  air-pump  than  is  the  gas  of  the  acrnui  correspond- 
Ig  to  the  blood  taken,  that  the  corpuscles  of  tlie  blood  exercise  some 
liwer  in  promoting  the  decomposition  of  the  substance  with  which  the 
is  combined  in  the  plasma.  The  plsisma  or  serum  will  not  give  up 
whole  of  its  carbon  dioxide  until  the  addition  of  an  acid,  wlien  the 
portion,  2  to  5  per  cent,  comes  off,  the  entire  blood  gives  up  the 
hole  of  its  carbon  dioxide  to  the  action  of  the  mercuriiil  pomp,  and 
not  require  the  action  of  an  acid.  It  may  be  mentioned  that,  ac- 
irding  to  some,  the  carbon  dioxide  is  combined  with  proteid,  r ither  in 
ie  plasma  or  in  the  red  blood-corpuscles;  4M,  it  becomes  sUghlJy 
nler:  blh,  it  coagulates  sooner  and  more  frmh/,  apparently  containing 
fibrin.  The  oxygen  absorbed  into  the  blood  from  the  atmospheric 
in  the  lungs  is  combined  chemically  w^ith  the  haemoglobin  of  the 
d  blood -corpuscles.  In  this  condition  it  is  carried  in  the  arterial  blood 
tlie  various  parts  of  the  body,  and  brought  into  near  relation  or  cod- 
ith  the  tissues.  In  these  tissues,  a  certain  portion  of  the  oxygen, 
the  arterial  blood  contains,  disappears,  and  a  proportionate  quan- 
ly  of  carbon  dioxide  and  water  is  formed.  The  venous  blood,  contain- 
the  new- formed  carbon  dioxide,  returns  to  the  lungSt  where  a  portion 
Itlie carbon  dioxide  is  exhaled,  and  a  fresh  supply  of  oxygen  is  taken  in. 
In  what  way  these  changes  are  brought  about  will  be  next  discussed. 

Respiratory  Changes  in  the  Tissues, 

The  changes  which  occur  in  the  composition  of  the  blood  during  its 
mktion  are  believed  to  take  place  in  the  tissues,  and  particularly  in 
I  miiBclad.     The  changes  are,  as  we  have  Just  mentioned,  chiefly  the 


I 
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removal  of  oxygen  from  and  the  addition  of  carbon  dioxide  to  the  blood 
These  changes  are  sometimes  spoken  of  as  internal  respiration.  Tti 
oxygen  carried  by  the  corpuscles  of  the  blood  in  the  form  of  oxyheiBO 
globin  is  given  up  to  the  tissues,  as  the  tension  of  the  gas  within  thm 
is  very  small.  The  gas  thus  set  free  is  apparently  seiied  upon  by  tk 
protoplasm  of  the  tissues  and  built  up  into  its  molecule,  and  thus  anU 
in  the  process  of  anabolism,  possibly  uniting  with  some  compouj 
somewhat  in  the  same  manner  but  more  firmly  than  it  does  with  hcmOi 
globin.  The  low  oxygen  pressure  of  the  tissues  thus  allows  a  constaal 
abstraction  of  the  gas  from  the  blood.  The  process  of  katabolism,  ^ 
breaking  down,  is  always  associated  with  the  evolution  of  carbon  dioa 
ide,  so  that  as  the  blood  passes  through  the  tissues  containing  little  d 
this  gas,  the  high  tension  of  the  gas  in  the  tissues  permits  of  its  poflHlj 
into  the  blood.  It  has  been  proved  that  the  process  of  the  evolution 
carbon  dioxide  from  living  muscle  will  go  on  for  a  time  in  the  abseiM 
of  a  supply  of  free  oxygen,  and  so  it  is  clear  that  the  former  gas  is  i 
derived  directly  from  the  combustion  of  the  carbon  in  the  presence 
the  latter  gas.  It  was  at  one  time  believed  that  the  carbon  dioxide 
venous  blood  resulted  from  the  oxidation  of  substances  in  the 
itself.  It  has,  however,  been  shown  that  the  blood  itself  has  very  slif^ 
oxidizing  powers,  and  that  in  the  frog  the  whole  of  the  blood  maybl 
replaced  by  saline  solution  without  producing  any  marked  effect  npoi 
the  metabolism  of  the  body.  It  is  obviously  unlikely  that  any  but  rm 
slight  oxidation  could  go  on  in  such  a  medium.  It  has  moreover  beoll 
demonstrated  that  the  tension  of  carbon  dioxide  in  the  tissues  is  cos* 
siderably  greater  in  the  tissues  than  it  is  in  the  venous  blood.  t 

Special  Respiratory  Acts. 

It  will  be  well  here,  perhaps,  to  explain  certain  special  respint 
acts,  which  appear  at  lirst  sight  somewhat  complicated,  but  cease  to  I 
so  when  the  meclianism  by  which  they  are  performed  is  clearly  undtf 
stood.  The  diagram  (fig.  215)  shows  that  the  cavity  of  the  chest  is  i 
arated  from  that  of  the  abdomen  by  the  diaphragm,  which,  when  } 
will  lessen  its  curve,  and  thus  descending,  will  push  downward  i 
forward  the  abdominal  viscera;  while  the  abdominal  muscles  havo 
opposite  effect,  and  in  acting  will  push  the  viscera  upward  and 
ward,  and  with  them  the  diaphragm,  supposing  its  ascent  to  be 
from  any  cause  interfered  with.  It  will  also  be  seen  that  the  Inn 
communicate  with  the  exterior  of  the  body  through  the  trachea 
larynx,  and  further  on  through  the  mouth  and  nostrils — through  eithff 
of  them  separately,  or  through  both  at  the  same  time,  according  to  tW 
position  of  the  soft  palate.  The  stomach  communicates  with  the  0$ 
terior  of  the  body  through  the  oesophagus,  pharynx,  and  mouth;  whil 
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fe  rectimi  opens  at  the  anus,  and  the  bladder  through  the  ure- 
All  these  openingB,  throogh  which  the  hollow  Yiscera  communi- 
te  with  the  exterior  of  the  body,  are  guarded  by  muscles,  called 
ilimcters,  which  can  act  independently  of  each  other* 
Sighinff. — In  eighing  there  is  a  somewhat  prolonged  inspiration;  the 
almofit  noiselessly  passing  in  through  the  glottis,  and  by  the  elastic 
£>n  of  the  lungs  and  cheat- walls,  and  probably  also  of  the  abdominal 
ftlU,  being  suddenly  expelled. 

In  the  firsts  or  inapiratory  part  of  this  act,  the  descent  of  the  dia- 
irmgm  presses  the  abdominal  Yiscera  downward,  and  of  course  this 
mrc  tends  to  eyacuate  the  contents  of  such  of  them  as  communicate 
ith  the  exterior  of  the  body.  Inasmuch,  however,  us  their  variouB 
icnings  are  guarded  by  sphincters,  in  a  state  of  constant  tonic  contrac- 
i,  there  is  no  escape  of  their  contents,  and  the  air  simply  enters  the 
iQgB.  In  the  second,  or  expiratory  part  of  the  act,  pressure  is  also 
ide  on  the  abdominal  viscera  in  the  opposite  direction,  by  the  recoil 
the  abdominal  walls;  but  the  pressure  is  relieved  by  the  escape  of  air 
tough  the  open  glottis,  and  the  relaxed  diaphmgm  is  pushed  up  again 
to  ite  original  position.  The  sphincters  of  the  stomach,  rectum,  and 
idder^  act  in  the  same  manner  aa  before. 

Hiccough  resembles  sighing  in  that  it  is  an  inspiratory  act:  but  the 
ipiration  is  sudden  instead  of  gradual,  the  diaphragm  acting  suddenly 
ipasmodically;  and  the  air,  rushing  through  the  unprepared  riina 
lltidts,  is  suddenly  arrested  and  produces  the  peculiar  sound* 
Coughing, — In  the  act  of  coughing  there  is  most  often  first  of  all  a 
vp  inspiration,  followed  by  an  expiration;  but  the  latter,  instead  of 
ig  easy  and  uninterrupted,  as  in  normal  breathing,  is  obstructed^  the 
being  momentarily  closed  by  the  approximittion  of  the  vocal 
ids.  The  abdominal  muscles,  then  strongly  acting,  push  up  the 
against  the  diaphragm^  and  thus  make  pressure  on  the  air  in  the 
until  it3  tension  is  sufficient  to  noisily  open  the  vocal  cords  which 
ita  outward  passage.  In  this  way  considerable  force  is  exercised, 
smcus  or  any  other  matter  that  may  need  expulsion  from  the  air- 
is  quickly  and  sharply  expelled  by  the  outstreaming  current  of 
It  will  be  evident  on  reference  to  fig*  215,  that  pressure  exercised 
the  abdominal  muscles  in  the  act  of  coughing,  acts  as  forcibly  on  the 
ioxninal  viscera  as  on  the  lungs,  inasmuch  as  the  viscera  form  the 
om  by  which  the  upward  pressure  on  the  diaphragm  is  made,  aud 
is  of  necessity  quite  as  great  a  tendency  to  the  expulsion  of  their 
ita  aa  of  the  air  in  the  longs.  The  instinctive  and  if  necessary 
iy  increiised  contraction  of  the  sphincters,  however,  prevents 
pe  at  the  openings  guarded  by  them,  and  the  pressure  ia  effec- 
one  part  only,  at  the  rima  glottidis. 
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Sneezing.— The  same  remarks  that  apply  to  cooghing,  are  al 
exactly  applicable  to  the  act  of  saeeziDg;  but  in  this  iDstance  the 
of  air,  on  escaping  from  the  lungs,  is  directed,  by  an  instinctive  ooB 
tion  of  the  pillars  of  the  fauces^  and  descent  of  the  soft  palate,  d 
throygh  the  nose,  and  any  offending  matter  is  thence  expelled. 

Speakinff.'^ln  speaking,  there  is  a  voluntary  expulsion  of  air  thn 
the  glottis  hv  means  of  the  expiratory  muscles.    The  vocal  cords,  b 


muscles  of  the  larynx,  are  pot  in  a  proper  position  and  state  of  t6l 
for  vibrating  as  the  air  passes  over  them,  and  sound  is  prod  need* 
sound  is  moulded  into  articulate  speech  by  the  tongue,  teeth,  lipi 
— the  vocal  cords  producing  the  sound  only,  and  having  nothing 
with  articulaiion, 

Smgimj, — Singing  resembles  speaking  in  the  manner  of  its  p 
tion;  the  laryngeal  muscles,  by  variously  altering  the  position  an^ 
gree  of  tension  of  the  vocal  cords,  producing  the  different  notes,     fl 
used  in  the  act  of  singing  are  of  course  framed,  as  in  speaking,  \ 
tongue,  teetb^  lips,  etc.  i 

X    iSwi^ny.— Sniffing  is  produced  by  a  rapidly  repeated  but  inooq 
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iction  of  the  diaphragm  and  other  iaspiratory  muscles.  The  mouth  is 
dosed,  and  the  whole  Biream  of  air  is  made  to  enter  the  air-pcissages 
throtigh  the  nostrils*  The  alsB  nasi  are  commonly  at  the  same  time 
instinctively  dilated. 

Sobf^ing, — Sohbing  consists  of  a  series  of  convulsive  inspirations,  at 
the  moment  of  which  the  glottis  is  usually  more  or  leas  closed* 

Laughing, — ^ Laughing  is  made  up  of  a  series  of  short  and  rapid  expi- 
i&tiong. 

Fawning, — Yawning  is  an  act  of  inspiration  but  is  unlike  most  of 
preceding  actions  as  it  is  always  more  or  less  involuntary.  It  is 
ded  by  a  stretching  of  various  muscles  about  the  palate  and  lower 
',  which  is  probably  analogous  to  the  stretching  of  the  muscles  of  the 
bs  in  which  a  weary  man  finds  relief,  as  a  voluntary  act,  when  they 
ve  been  some  time  out  of  action.  The  involuntary  and  reflex  charac- 
of  yawning  probably  depends  on  the  fact  that  the  muscles  concerned 
themselves  at  all  times  more  or  less  used  involuntarily,  and  require, 
fore,  something  beyond  the  exercise  of  the  will  to  set  them  in 
Btion.  For  the  same  reason,  yawning,  like  sneezing,  cannot  be  well 
Brformed  voluntarily. 
Sucking. — Sucking  is  not  properly  a  respiratory  act,  but  it  may  be 
conveniently  considered  in  this  place*  It  is  caused  chiefly  by  the 
ipressor  muscles  of  the  os  hyoides.  These,  by  drawing  downward  and 
iskwmrd  the  tongue  and  floor  of  the  mouthy  produce  a  partial  vacuum 
the  latter:  and  the  weight  of  the  atmosphere  then  acting  on  all  sides 
ida  to  produce  equilibrium  on  the  inside  and  outside  of  the  mouth  as 
it  it  may.  The  communication  between  the  mouth  and  pharynx  is 
npletelj  shut  off  by  the  contraction  of  the  pillars  of  the  soft  palate 
id  descent  of  the  latter  so  as  to  touch  the  back  of  the  tongue;  and  the 
inlHbnam,  therefore,  can  be  restored  only  by  the  entn^nce  of  some- 
ling  through  the  mouth.  The  action,  indeed,  of  the  tongue  and  floor 
the  mouth  in  sucking  may  be  compared  to  that  of  the  piston  in  a 
Tinge,  and  the  muscles  which  pull  down  the  oa  hyoides  and  tongue,  to 
power  which  draws  the  handle. 

The  Nervous  Apparatus  of  Respiration. 

Like  all  other  functions  of  the  body,  the  discharge  of  which  is  nee- 
to  life,  respiration  is  essentially  an  involuntary  act.  Unless  these 
>  the  case,  life  would  be  in  constant  danger,  and  would  cease  on  the 
of  consciousness  for  a  few  moments,  as  in  sleep.  It  is,  however, 
B|ibec68aary  that  respiration  should  be  to  some  extent  under  the  con- 
Hi  af  tho  wilL  For  were  it  not  so,  it  would  be  impossible  to  perform 
mm»  respiratory  acts  which  have  been  just  discussed,  such  as  speaking. 
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It  has  been  known  for  centuries  that  there  exists  a  district  of  t 
central  nervons  system  on  the  destruction  of  which  both  respiiati 
and  life  cease.  All  attempts  to  localize  this  district,  however,  befc 
those  of  Flourens  were  unsuccessful.  Flourens,  after  many  series 
experiments  as  to  the  exact  position  of  what  he  called  the  ''knot 
life  **  (noeud  vital)^  placed  it  in  the  fourth  Tentricle,  at  the  point  of  t 
V  in  the  gray  matter  at  the  lower  end  of  the  calamus  scriptorius;  a  d 
trict  of  considerable  size^  viz.,  5  mm.,  on  both  sides  of  the  middle  Ih 
Observers  subsequent  to  Flourens  have  attempted  to  show  that  the  chi 
respiratory  centre  on  the  one  hand  is  situated  higher  up  in  the  ner? o 
system,  e.g.,  in  the  floor  of  the  third  ventricle  (Christiani),  or  in  ti 
corpora  quadrigemina  (Martin  and  Booker,  Christiani,  and  Stanier), 
on  the  other  hand,  lower  down  in  the  spinal  cord,  and  that  the  meduQi! 
centres,  if  they  exist,  are  either  accessory  or  subservient  to  such  oentn 
The  balance  of  experimental  evidence,  however,  is  to  prove  that  the  M 
centres  for  respiration  is  a  limited  district  in  the  medulla  oblongata: 
close  connection  with  the  vagus  nucleus  on  each  side,  with  which  tb 
are  probably  identical.  The  destruction  of  this  district  stops  respii 
tion  forever;  whereas,  if  it  be  left  in  connection  with  the  muscles  * 
respiration  by  their  nerves,  although  the  remainder  of  the  central  nervoi 
system  be  separated  from  it,  respiration  continues.  It  may  be  considen 
almost  certain  that  the  medullary  centre  is  the  only  true  respiratoi 
centre,  and  that  the  observations  of  Langendorff,  that  in  newly-boi 
animals  in  which  the  medulla  has  been  cut  immediately  or  a  few  miU 
metres  below  the  point  of  the  calamus  scriptorius  respiration  continu 
for  some  time  as  in  normal  animals  cannot  be  received.  We  are  indebti 
to  Marck wald  for  much  information  on  this  subject,  and  he  has  come  1 
the  conclusion  that  normal  respiration  does  not  occur  after  division  < 
the  bulb  from  the  cord,  and  that  the  so-called  respiratory  movemei^ 
noticed  by  Langendorfl  are  merely  tetanic  contractions  of  the  respin 
tory  muscles  with  which  often  enough  other  muscles  take  part. 

The  action  of  the  medullary  centre  is  to  send  out  impulses  daria 
inspiration,  which  cause  respiratory  movements  of  the  muscles — (fl)  < 
the  nostrils,  and  jaws  through  the  facial  and  inferior  division  of  ik 
fifth  nerves;  (h)  of  the  glottis,  chiefly  through  the  inferior  laryngtf 
branches  of  the  vagi;  (c)  of  the  intercostal  and  other  muscles  wWd 
produce  raising  of  the  ribs,  chiefly  through  the  intercostal  nerves,  ici 
(d)  of  the  diaphragm  through  the  phrenic  nerves. 

If  any  one  of  these  sets  of  nerves  be  divided,  respiratory  movemtfl 
of  the  corresponding  part  cease. 

Similarly  it  may  be  supposed  that  the  centre  sends  out  impulses  di 
ing  expiration  to  certain  other  muscles.  It  has  been  suggested,  howerl 
that  the  centre  consists  of  two  parts,  or  is  double,  and  that  it  is  mflf 
up  of  an  inspiratory  centre,  which  is  constantly  in  aotion,  and  of  aa4 
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centre,  which  acts  leas  generally,  inaemnch  as  ordinary  traorinil 
n  13  seldom  more  than  an  elastic  recoil,  and  not  a  mnscnlar  act 
arked  degree. 

ning  this  view  of  the  double  centres  to  he  correct,  of  their  exact 
action  there  is  some  difference  of  opinion  ;  it  is  now  thought  that 
act  automatical lj»  hut  normally  are  influenced  by  afferent  ira- 
rom  the  periphery,  as  well  as  by  ini pulses  passing  down  from 
Tum*     The  centre  is,  in  other  words,  both  automatic  and  re- 
will  be  simplest  to  discuss  its  reilex  function  Qrst  of  all. 
Ion  of  Afferent  Slimulu^a)  Action  of  the  vagi. — If  both  vagi 
ied  in  the  neck,  the  respirations  become  much  slower  and  deeper; 
m  be  the  ease,  but  to  a  less  mzirked  degree,  if  one  of  the  nerves 
fed  instead  of  both.     If  the  central  end  of  the  divided  nerve  be 
bied  with  a  weak  interrupted  current,  the  most  constant  effect  is 
respirations  are  quickened,  and  if  the  stimuli  are  pro])erly  reg- 
ie normal  rhythm  of  respiration  may  be  resumed.     If  the  fitimoli 
,ted  with  sufficient  quickness,  after  a  while  the  breathing  is 
to  a  stand-atill  at  the   height  of  inspiration  by  tetanus  of  the 
[DO.     Sometimes,  however,  stimulation  of  the  central  end  of  the 
^mgi  prodnces  still  greater  slowing  than  that  which  follows 
ion,  80  that  if  it  be  continued,  the  respirations  cease,  with  the 
in  a  condition  of  complete  relaxation.     Marckwald  considers 
differences  in  the  effects  of  vagus  stimulation  are  due  to  the 
being  applied  to  the  nerve  at  different  periods  in  the  respira- 
&,  and  that  the  action  of  the  vagus  may  be  to  call  forth  either 
►n  or  expiration — the  impulses  piissing  up  the  vagi  being neces- 
he  production  of  the  normal  respiratory  rhythm.     The  fibres 
fcgns  are  used  under  the  following  circumstances,  those  fibres 
nd  to  inhibit  expiration  and  to  stimulate  inspiration  are  stim- 
1  their  distribution  in  the  lung  when  the  lung  is  empty  and  in 
ion  of  expiration,  and  the  fibres  which  tend  to  inhibit  inspira- 
to  promote  expiration  are  stimulated  when  the  lung  is  fully  ex- 
The  afferent   impulses  are  the  results  of  mere   mechanical 
ion,  and  do  not  depend  upon  the  chemical  nature  of  the  gases 
le  pulmonary  alveoli.     The  vagus  always  acts  upon  the  centres 
itilator  of  discharge,  or  exciter  of  catabolism. 
xtion  of  the  superior  laryngreai  nerves.— If  the  superior 
branch  of  the  vagus  be  divided,  which  usually  produces  no 
1  effect,  and  the  central  end  be  stimulated,  the  effect  is  very 
respirations  are  slowed,  but  there  is  a  tendency  toward  expi- 
is  shown  by  the  contraction  of  the  abdominal  muscles.     Thus 
gns  fibres  contain  fibres  which  stimulate  inspiration  and  inhibit 
©,  as  well  as  other  fibres  wiiich  have  the  reverse  effect,  the  eu- 
Bryngeal  fibres  inhibit  inspiration  and  stimulate  expiration* 
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The  snperior  larjmgeal  nerves  are  true  expiratory  nerves,  and  mi; 
oe  set  in  action  when  the  mucous  membrane  of  the  larynx  is  irritated 
They  are  not  constantly  in  action  like  the  vagL 

(c)  Action  of  the  glosso-pharyngeal  nerves.— It  has  been  u 
certainedy  chiefly  by  the  researches  of  Marckwald,  that  while  division  i| 
the  glosso-pharyngeal  nerves  produces  no  effect  upon  respiration, 
ulation  of  them  causes  inhibition  of  inspiration  for  a  short  period, 
action  accounts  for  the  very  necessary  cessation  of  breathing  di 
swallowing.    The  effect  of  the  stimulation  is  only  temporary,  and 
followed  by  normal  breathing  movements. 

{d)  Action  of  other  sensory  nerves. — The  respiratory  ceni 
are  as  a  rule  stimulated  to  produce  respiration  by  impressions  convejl 
by  sensory  nerves,  e.g.,  the  nerves  of  the  skin;  cold  water  applied 
the  surface  is  almost  invariably  followed  by  a  deep  inspiration.  Stini 
ktion  of  the  splanchnics  and  of  the  abdominal  branches  of  the  ii^ 
produce  expiration.  The  fifth  nerves,  as  well  as  the  glosso-pharyngi 
and  the  superior  laryngeal^  inhibit  inspiration,  but  they  tend  to  prodi 
a  gradual  slowing  and  not  an  absolute  inhibition,  as  do  the  gli 
pharyngeal. 

It  must  be  remembered  that  although  many  sensory  nerves  may 
stimulation  be  made  to  produce  an  effect  upon  the  respiratory  centri 
there  is  no  evidence  to  show  that  any  one  of  them,  except  the  vagv 
constantly  in  action.  The  vagi  indeed  are,  as  far  as  we  know,  the  on 
normal  regulators  of  respiration. 

Automatic  Aition  of  the  Jhspiratory  Centres. — Although  it  hasb 
very  definitely  proved  that  the  respiratory  centres  may  be  affected 
afferent  stimuli,  and  particularly  by  those  reaching  them  through 
vagi,  there  is  reason  for  believing  that  the  centres  are  capable  of  send 
out  efferent  impulses  to  the  respiratory  muscles  without  the  action 
any  afferent  stimuli.  Thus,  if  the  brain  be  removed  above  the 
respiration  continues.  If  the  spinal  cord  be  divided  below  the  bulb,! 
facial  and  laryngeal  respiratory  movements  continue,  although  no  afll 
ent  impulses  can  reach  the  centres  except  through  the  cranial  senao 
nerves,  and  these,  as  we  have  seen,  are  not  always  in  action,  and  indl 
may  be  divided  without  producing  any  effect,  when  the  bulb  and  oa 
are  intact.  As  has  been  shown,  too,  respiration  continues  when  theH 
are  divided.  All  of  these  experiments  render  it  highly  probable  tt 
afferent  impulses  are  not  required  in  order  that  the  respiratory  cenll 
should  send  out  efferent  impulses  of  some  kind  to  the  respiratory 
cles;  these  centres,  then,  are  automatic.  How  they  act  in  the  absei 
of  afferent  stimuli  has  been  demonstrated  by  Marckwald.  He  hasshtf 
—  (a)  firstly,  that  if  the  bulb  be  separated  from  the  brain,  and  thef 
be  then  cut,  there  is  first  of  all  inspiratory  spasm  followed  by  irreg« 
spasm  of  muscles  both  of  inspiration  and  expiration,  and  deathy 
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■eoondlTy  that  if  the  vagi  are  divided,  the  respirations,  although  altered 

in  chamcter,  are  regular,  bat  that  if  then  the  brain  is  separated  from 

t '    niedulla,  the  same  respiratory  spasms  occur.    From  these  experiments 

concluded  that  the  automatic  action  of  the  centres  consists  in  the 

!     r.ition  of  respiratory  spasms  only,  and  not  of  regular  rhythmic  mo ve- 

Etnts;  but  that  impressions  reaching  the  centres  either  from  the  cere- 

bnim  or  through  the  vagi,  prevent  the  gathering  tension  in  the  centres 

I     n  becoming  too  greats  and  convert  the  apasras  which  would  other- 

^  I'' arise  into  regular  movements.     The  chief  ditlerence  between  the 

4«:tiijn  of  the  vagi  and  of  the  cerebral  tracts,  is  that  the  former  are  always 

JB  i€tiou,  whilst  the  latter  are  not.     When  the  vagi  are  in  action  and  the 

■igfaer  centres  are  not,  periodic  respiration  takes  place,  that  is  to  say, 

ft^^irations  occurring  in  groups,  each  such  group  being  followed  by  a 

type  of  respiration  known  as  Chei/ne-iSiokes  l^rmlhinff,  to  which 

.^i  return  presently*     It  will  be  thus  seen  that  even  the  ordinary 

of  the  respiratory  centres  is  to  a  large  extent  reflex,  and  depend- 

it  upon  vagus  or  cerebnil  stimulation. 

Mi'thod  of  Stimulation  of  the  UeHpiraiory  Centres* — Apart  then  from 

nt  impulses,  the  respiratory  centres  are  capable  of  working  auto- 

tic:Uly,  and  this  fact  has  been  explained  by  the  supposition  that  they 

stimulated  to  action  by  the  condition  of  the  blood  circulating  through 

,  since  when  the  blood  becomes  more  and  more  venous  the  action 

Tlhe  centres  becomes  more  and  more  energetic,  and  if  the  air  is  pre- 

ted  from  entering  the  chest,  the  rcspi ration  in  a  short  time  becomes 

lAbored.     Any  obstruction  to  the  entrance  of  air  indeed*  whether 

or  complete,  is  followed  by  an  abnormal  rapidity  of  the  inepira- 

ia.     The  condition  caused  by  any  interference  with  the  free  ex- 

of  gases  in  the  lungs,  or  by  any  circumstance  in  consequence  of 

the  oxygen  of  the  blood  is  used  up  in  an  abnormally  quick  man- 

koown  as  dtfspHma.     If  the  aeration  of  the  blood  is  much  inter- 

with,  not  only  are  the  ordinary  respiratory  muscles  employed,  but 

those  muscles  of  extraordinary  inspiration  and  expiration  which 

been  previously  enumerated.     Thus  as  the  blood  becomes  more  and 

venous,  the  action  of  the  medullary  centres  becomes  more  nnd 

active.     The  question  has  been  much  debated  as  to  what  quality 

le  Tenons  blood  it  is  which  causes  this  increased  activity;  whether 

lis  deficiency  of  oxygen  or  its  excess  of  carbonic  acid.     It  has  been 

to  some  extent  by  the  experiments,  which  show  on  the  one 

that  dyspnoea  occurs  when  there  is  no  obstruction  to  the  exit  of 

ic  acid  as  when  an  animal  is  placed  in  an  atmosphere  of  nitrogen, 

that  it  cannot  therefore  be  due  to  the  accumulation  of  carbonic 

and  on  the  other,  that  if  plenty  of  oxygen  is  supplied,  true  dyspncea 

ot  occur,  although  the  carbonic  acid  of  the  blood  is  in  excess.     It 

ghly  probable,  therefore,  that  the  respiratory  centres  may  be  stimu- 
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lated  to  action  by  the  absence  of  suflScient  oxygen  in  the  blood  drcaU 
ing  in  it,  and  not  by  the  presence  of  an  excess  of  carbonic  acid. 

But  this  is  not  all,  since  it  has  been  proved  by  Marckwald  that  fk 
medullary  centres  are  capable  of  acting  for  some  time  in  the  abseiM 
of  any  circulation,  and  after  excessive  bleeding.  The  view  taken  I] 
this  author  with  regard  to  the  action  of  the  centres  is  as  follows:  th 
respiratory  centres  are  set  to  act  by  the  condition  of  their  metaboliai 
much  in  the  same  way  as  the  heart  is  set  to  beat  rhythmically.  Whel 
anabolism  is  completed,  catabolism  or  discharge  occurs,  and  this  iltai 
nate  but  crude  and  spasmodic  action  will  occur  without  a  definite  bloolj 
supply,  as  long  as  the  centres  are  properly  nourished  and  stimulated  \i 
their  own  intercellular  fluid.  The  afferent  impulses  brought  by  the  fi^ 
in  consequence  of  the  stimulation  of  their  terminal  fibres  in  the  Inogl 
have  a  tendency  to  bring  about  catabolism,  and  to  convert  crude  ran 
ratory  spasms  into  regular  and  rhythmic  discharges.  In  the  absenoaii 
the  vagus  stimulation,  the  impulses  from  the  cerebrum  may  be  effectoil 
for  the  Slime  purpose. 

It  is  unreasonable  to  think,  however,  that  the  respiratory  centres 
independent  of  the  character  of  the  blood-supply  either  as  regards 
tity  or  quality.  This  must  have  a  great  influence  upon  their  irritabilit 
it  is  certain,  for  example,  that  venous  blood  greatly  increases  the 
ratory  movements,  first  of  all  both  of  inspiration  and  of  expiration, 
then  of  the  latter  to  a  greater  degree.  It  may  be  that  the  diminuft 
of  oxygen  in  the  blood  acts  us  a  stimulator  of  catabolism,  in  both 
spiratory  and  ex}>initory  centres,  but  particularly  in  the  latter,  ia 
manner  similar  to  but  not  identical  with,  that  of  the  vagus.  It  has 
been  shown  thiit  the  i)resence  of  the  products  of  great  muscular  metah 
lism  in  the  blood  will  greatly  increase  the  irritability  of  the  respintol 
centres,  even  if  the  blood  itself  be  not  particularly  venous  in  charaflll 

It  appears  that  the  inspiratory  and  expiratory  respiratory  centres 
bilateral,  and  that  each  pair  may  act  independently,  since  the  bulb  i 
be  divided  longitudinally,  and  then  if  one  vagus  be  divided,  the  raf 
ratory  rhythm  on  the  two  sides  of  the  body  becomes  unequal,  the  moK 
ments  of  the  side  upon  which  the  vagus  is  divided  being  slower  than 
the  other  side,  while  stimulation  of  the  divided  nerve  acts  only  npl 
the  movements  of  its  own  side. 

Apnoea. — When  we  take  several  deep  inspirations  in  rapid  buoM 
sion  by  voluntary  effort,  we  find  that  we  can  do  without  breathing  for 
much  longer  time  than  usual ;  in  other  words,  several  rapid  respirati(^ 
seem  to  inhibit  for  a  time  normal  respiratory  movements.     It 
thought  that  the  reason  for  this  partial  cessation  of  respiration,  wl 
was  called  apncea,  is  that  by  taking  several  deep  breaths  we  overchi 
our  blood  with  oxygen,  and  that  as  the  respiratory  centre  can  onlj 
stimulated  by  blood  in  which  the  standard  of  oxygen  is  below  a 
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no  respiratory  impulses  can  occur  until  the  oxygen  ienaion  of  the 

reach  that  leveK  This  idea  must  now  bo  modified,  if  not  given  up^ 
of  the  experiments,  e,g.^  those  of  Hering,  on  cats'  blood  during 
which  have  shown  that  animals  in  a  coodition  of  apnoea  may 
\t%  less  and  not  more  oxygen  in  their  blood  tban  in  a  normal  state, 
h  the  carbonic  anhydride  is  less.  One  view  now  taken  of  the 
of  apncea  is  that  by  rapid  inflations  of  the  lungs  impulses  pass  up 
the  vagi,  by  means  of  which  inspiration  is  after  a  while  inhibited; 
Ticw  is  that  by  the  repeated  stimulation  of  the  centre  by  vagus 
which  result  in  rapid  respiratory  movements,  anabolism  is  at 
tied.  Apncea  is  with  difficulty  produced,  if  at  all,  when  the 
divided, 
fects  of  Vitiated  Air. — Ventilation. — As  the  air  expired  from 
langs  contains  a  large  proportion  of  carbon  dioxide  and  a  minute 
iount  of  orgiinlc  putrescible  matter,  it  is  obvious  that  if  the  same  air 
breathed  again  and  again,  the  proportion  of  carbonic  dioxide  and 
c  matter  in  it  will  constantly  increase  till  it  becomes  unfit  to 
le;  long  before  this  point  is  reached  however,  uneasy  sensations 
',  such  as  headache^  languor,  and  a  sense  of  oppression*  It  is  a  re- 
le  fact,  however,  that  tlio  organism  after  a  time  adapts  itself  to 
vitiated  atmosphere,  and  tbat  a  person  soon  comes  to  breathe, 
t  sensible  inconvenience,  an  atmosphere  which,  when  he  first  en- 
m  it,  feels  intolerable.  Such  an  adaptation,  however  can  only  take 
loe  at  the  expense  of  a  depression  of  all  the  vital  functions,  which 

be  injurious  if  long  continued  or  often  repeated. 
This  power  of  adaptation  is  well  iUustrated  by  the  experiments  of 
mde  Bernard.  A  sparrow  is  placed  under  a  bell-glass  of  such  a  size 
it  tl  will  live  for  three  hours.  If  now  at  the  end  of  the  second  hour 
lien  it  could  have  survived  another  hour)  it  be  taken  out  and  a  fresh 
illhy  sparrow  introduced,  the  latter  will  perish  instantly. 
It  must  be  evident  that  provision  for  a  constant  and  plentiful  supply 
treflh  air,  and  the  removal  of  that  which  is  vitiated,  is  of  far  greater 
[jiortance  than  the  actual  cubic  space  per  head  of  occupants.  Not 
than  2,000  cubic  feet  per  head  should  be  allowed  in  sleeping  apart- 
(barracks,  hospitals,  etc.),  and  with  this  allowance  the  air  can  only 
maiDtsiiied  at  the  proper  standard  of  purity  by  such  a  system  of  ven- 
■Mpo  ae  provides  for  the  supply  of  1,500  to  2,000  cubic  feet  of  fresh 
^b  head  per  hour.     (Parkes.) 

The  Effect  of  Respiration  on  the  Circulation. 

Ab  th<»   heart,  the  aorta,  and  pulmonary  vessels  are  situated  in  the 

k^bt  thorax,  they  are  ezposed  to  a  certain  alteration  of  pressure 

in  the  capacity  of  the  latter  is  increased  in  inspiration;  for  although 

expansion  of  the  lungs  tends  to  counter-balance  this  increase  of  area, 
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it  neyer  does  so  entirely,  since  part  of  the  pressure  of  the  air  i 
drawn  into  the  lungs  through  the  trachea  is  expended  in  oTei 
their  elasticity.  The  amount  thus  used  up  increases  as  th( 
become  more  and  more  expanded,  so  that  the  pressure  inside  the 
during  inspiration,  as  far  as  the  heart  and  great  vessels  are  con 
never  quite  equals  that  outside,  and  at  the  conclusion  of  inspin 
considerably  less  than  the  atmospheric  pressure.  It  has  been  asce 
that  the  amount  of  the  pressure  used  up  in  the  way  above  de 
varies  from  5  or  7  mm.  of  mercury  during  the  pause,  to  30 
mercury  when  the  lungs  are  expanded  at  the  end  of  a  deep  iusp 
60  that  it  will  be  understood  that  the  pressure  to  which  the  ha 
great  vessels  are  subjected  diminishes  as  inspiration  progressei^i 


Fifjp.  SI  9.— Diagram  of  an  apparatus  iUustrannff  ine  effecc  of  Imqrintloa  upon  Itet 
fcreat  vessels  within  the  thorax.  I,  the  thorax  at  res  ;  II«  duriui;  inspiratkm ;  D.  nam 
diuphrafnu  when  relaxed ;  d',  when  contracted  (it  must  be  rememberoil  tliat  this  pomoaJ 
diagram),  i.e.,  when  the  cai>acity  of  the  thora"*  isenla.ged ;  n,  the  heart;  ▼,  tiMTk^nsas 
and  A,  tlio  aorta  :  k/,  l/.  the  right  and  left  lunji: ;  t.  th  trachea:  m,  mercurial  maoooMli 
nection  with  i)leura.  The  increase  in  the  capacity  of  the  box  repreaentini;  the  thorax  If 
dilate  the  heart  an  well  as  thelunes,  and  so  to  pump  in  blood  through  t,  whereas  thevalre 
retlex  tlirough  a.  Tlie  ijosition  of  the  mercury  in  m  shows  also  the  suction  which  is  taU 
(Landois.) 

its  minimum  is  less  by  30  mm.,  than  the  normal  pressure,  760 
mercury.  It  will  be  understood  from  the  accompanying  diagra 
that  if  there  were  no  lungs  in  the  chest,  if  its  capacity  were  in( 
the  effect  of  the  increase  would  be  expended  in  pumping  blood  i 
heart  from  the  veins.  With  the  lungs  placed  as  they  are,  dm 
spiration  the  pressure  outside  the  heart  and  great  vessels  is  dimi 
and  they  have  therefore  a  tendency  to  expand  and  to  diminish  th 
vascular  pressure.  The  diminution  of  pressure  within  the  veins 
to  the  right  auricle  and  within  the  right  auricle  itself,  will  di 
blood  into  the  thorax,  and  so  assist  the  circulation.  This  suctioi 
is  independent  of  the  suction  power  of  the  diastole  of  the  auric! 
which  we  have  previously  spoken.     The  effect  of  sucking  mor 
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tie  right  auricle  will,  cmferis  jMrib7i.%  increase  the  amount  pnssing 
;h  the  right  ventricle,  which  also  exerts  h  eimikr  Buction  uction, 
irough  the  lungs  into  the  left  auricle  and  votitricle,  and  thus  into 
►rta.  This  all  tends  to  increase  the  blood-preBBure.  The  effect  of 
iminished  pressure  npon  the  pulmonary  vessels  will  also  help 
i  the  same  end,  i.e.,  an  increased  flow  tli rough  the  lungs,  so  that, 
as  the  heart  and  its  veins  are  concerned,  inspiration  increases  the 
-pressure  in  the  arteries.  The  effect  of  inspiration  upon  the  aorta 
;«  branches  within  the  thorax  would  be,  however,  contrary;  for  as 
ressure  outside  is  diminished  the  vessels  would  tend  to  expand,  and 
lodirainish  the  tension  of  the  blood  within  them,  but  inasmuch  as 
irge  arteries  are  capable  of  little  expansion  beyond  their  natural 
•e,  the  diminution  of  the  arterial  tension  caused  by  this  means 


ft7,-C<5inp4rtenii  of  blood  preKsurf-  lurve  wllb  curve  of  I utra-thoracie  pressure.  (To  be  read 

^tirtsrht  >    a  If?  th*»  ^Mii-iffif  Mi..nl  {irf'fNSurp  wiili  iis  r<?«pirfitnry  ui]{luLat.j(>tig,  the  slower 

'^     ■  -1  jiurktMl;  b  is  Ihe  curve  of  Intra-lhornieic  iiivtwuri^ olntjilm^l  by  cod- 

wltli  (ho  pJuraJ  cftvity.     lns7>iration  be^iua  at  i  ami  expirotJOQ  at 

-  s*«  very  rnpkily  aft** r  iIr*  ccssjiTion  of  tb«  iriHpiraUiry  efTtirt,  and! 

Its  me  »ir  (ssiii"i*  frntn  the  clwHl;  at  the  bfj^inuiiiji*:  of  the  iiispiratory  t'ffort  the  fall 
CM.  Fo«ter. } 

insufficient  to  counteract  the  increase  of  blood-pressnre  pro- 
T>y  the  effect  of  inspiration  upon  the  veins  of  the  chest,  and  the 
e  of  the  whole  action  would  be  in  favor  of  an  increase  of  blood- 
jb  during  the  inspiratory  period.  But  if  a  blood-pressure  tracing 
pn  at  the  same  time  that  the  respiratory  movements  are  being 
Bd,  it  will  be  found  that,  although  speaking  generally,  the  arterial 
i  is  increased  during  inspiratinn^  the  maximum  of  arterial  tension 
[»t  correspond  with  the  ocme  of  inspiration  (fig.  217).  In  fact,  at 
jiiiniDg  of  inspiration  the  pressure  continues  to  fall,  then  gradually 
otil  the  end  of  inspiration,  and  continues  to  do  so  for  some  time 
cpiration  has  commenced. 

regards  the  effect  of  expiration^  the  capacity  of  the  chest  is 
ibed^  and  the  tntra-thoracic  pressure  returns  to  the  normal,  which 
tly  equal  to  the  atmospheric  pressure.  The  effect  of  this  on 
J9 
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the  veins  is  to  increase  their  extra-vascular  and  so  their  intra-vascnl 
pressure^  and  to  diminish  the  flow  of  blood  into  the  left  side  of  tl 
heart,  and  with  it  the  general  blood-pressure^  but  this  is  almost  exact 
balanced  by  the  necessary  increase  of  arterial  tension  caused  by  U 
increase  of  the  extra-vascular  pressure  of  the  aorta  and  large  arteries,  i 
that  the  arterial  tension  is  not  much  affected  during  expiration  eithc 
way.  Thus,  ordinary  expiration  does  not  produce  a  distinct  obstmctio 
to  the  circulation,  as  even  when  the  expiration  is  at  an  end  the  intn 
thoracic  pressure  is  less  than  the  extra-thoracic. 

The  effect  of  violent  expiratory  efforts,  however,  has  a  distinct  actioi 
in  obstructing  the  current  of  blood  through  the  lungs,  as  seen  in  thi 
bluencss  of  the  face  from  congestion  in  straining,  this  condition  beinj 
produced  by  pressure  on  the  small  pulmonary  vessels. 

Wc  may  summarize  this  mechanical  effect  of  respiration  on  the  blood 
pressure  therefore^  and  siiy  that  inspiration  aids  the  oirenlation  and  b 
increases  the  arterial  tension,  and  that  although  expiration  does  nc 
materially  aid  the  circulation,  yet  under  ordinary  conditions  neither  do 
it  obstruct  it.  Under  extraordinary  conditions,  however,  as  in  violei 
expiration,  the  circulation  is  decidedly  obstructed. 

We  have  seen,  however,  that  there  is  no  exact  correspondence  betwe^ 
the  point  of  lii<^hest  blood-pressure  and  the  end  of  inspiration,  and  ^ 
must  suppose  that  there  are  other  mechaniciil  factors,  such,  for  exampl 
as  the  (*iTeet  of  the  abdominal  movements,  both  in  inspiration  and 
expiration,  ufion  (he  arteries  and  veins  within  the  abdomen  and  of  t~ 
lower  extremities,  and  the  influence  of  the  varying  intrathoracic  pre 
sure  upon  the  ])ulinonary  vessels,  both  of  which  ought  to  be  taken  in 
consideration.  As  regards  tlie  first  of  these,  the  effect  during  inspir 
tion — as  the  cavity  (»f  the  abdomen  is  diminished  by  the  descent  of  t? 
diaphragm — sliouM  be  two-fohl:  on  the  one  hand,  blood  would  be  ser 
upward  into  the  chest  hy  (Compression  (»f  tlie  vena  caya  inferior;  on  ih 
otiier  hand,  the  passage  of  l)h)od  downward  from  the  chest  in  tb 
abdominal  aorta,  and  upward  in  the  veins  of  the  lower  extremity,  wonH 
be  to  a  certain  extent  obstructed.  In  ordinary  expiration  all  this  would 
be  reversed,  hut  if  tlie  abdominal  muscles  are  violently  contracted,  sail 
extraordinary  exjuration,  the  same  effect  wcmld  be  produced  as  byia- 
spiration.  'I'he  ctTect  of  the  varying  intrathomeic  pressure,  which  occnn 
during  insi)iration  upon  tlie  pulmonary  vessels  is  to  produce  an  initiJ 
dilatation  of  both  artery  and  veins,  and  this  delays  for  a  short  timetbc 
passage  of  blood  toward  the  left  side  of  the  heart,  and  the  arteriil 
pressure  falls,  but  the  fall  of  ])lo«)d-])ressiire  is  soon  followed  by  a  stead] 
rise,  since  the  flow  is  increased  by  the  initial  dilatation  of  the  vesadl 
the  converse  is  the  case  with  exjiiration.  As,  however,  the  pulmonafl 
veins  are  more  easily  dilat:iblc  than  the  pulmonary  artery,  their  greattf 
distensibility  increases  the  flow  of   ]>1ood  as  inspiration  proceeds,  whil 
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tig  expiration,  except  at  its  beginning,  this  property  of  theirs  acts  in 
ipposite  direction,  and  diminishes  the  iow.  Thus,  at  the  begiDoing 
Apiretion  the  diminntion  of  blood-pressure,  which  commenced  during 
ration,  is  continued,  but  after  a  time  the  diminution  is  succeeded  by 
^ady  rise;  the  reverse  is  the  c^se  with  expiration — at  first  a  rise  and 
I  a  fall, 

Che  effect  of  the  nervous  system  in  producing  rhythmical  altera- 
I  quite  independent  of  the  mechanically  caused  undulations  of  the 
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%.  nH— Tlrmube-Hertni^'^B  curvm.  <To  W  n-M  from  k>ft  io  ri^^it  >  Thu  luirvf-n  1,  2.  3,  -J,  antJ  5 
MilfaUB  wkictod  frotn  ODO  coi}!Lirmr»uH  trocfriji;  fnrrnm^  rho  nn^iurd  of  el  (vroriitij^^<l  uttsi^rvallon, 
ttlB0  nvwml  carves  repr««i«(nt  »uect*««i  ve  gtA^ti  of  the  miiue  vxi>erimt't\i.  Ktwh  c-arve  Ls  plocBcl 
IWOfWrpddtJciii  relaUve  to  the  lmm^  Hne^  which  in  <Hiiitt«4! ;  the  blmxl  ji>ressMn'  rij^t^Ji  in  Hto^ges 
I  tot,^  And  4,  hut  falls  a^rain  in  Btajgie  &  Cutto  1  is  taken  from  a  ftenwi  when  artiheioJ  rea- 
DDwaabeiuif  kept  up,  but  ihe  v«^  luivlDg  been  divided^  thE><  puIsatJotiH  on  ihc  ascent  ajjd  d&> 
|of  tbeimduliitioDfi  <]*>  not  differ;  when  mrtlOoiftl  respiration  ceAded  tbe»*e  utidulatione  for  s 
jjf  Pfieared,  and  the  lDlood'pre«Hiin^  rvin^  ntcmlily  whiJt^  tbi^  }ie«rt-be&tdi  becftnie»low«»rK    Sooa, 


tmdulaiioas  Appeared  :  a  Little  tnti^r.  thn  blood- prf^sniro  wsa  still  rlsio^,  the  h«art  beats 
bat  the  uDdulAUoos  BtJll  more  ohviouH  Hi) ;    still  hntr  (4),  the  prftt^ure  waa  atlll  h libber, 
rt-b««ta  were  quicker*  and  tho  undolatii  ms  flatter,  the  pniMnire  ihon  began  to  fall  rapidly 
Id  canCinoed  to  fall  uii  Jl  some  ttmv  af  ut  artificial  reftpiratioa  waa  reamned.    CM«  Foster.) 

I-pressure  is  two-fold.  In  the  first  place  the  cardio-inhibUQry  centre 
imulated  during  the  fall  of  blood-pressure,  and  produces  ^  slower 
of  heart-beat,  which  will  bo  noticed  in  the  tracing  {fig»  218),  The 
llfttions  during  the  decline  of  blood-preBSure  are  therefore  longer 
l«68  frequent.  This  effect  disappears  when,  by  section  of  the  vagi, 
iffect  of  the  centre  is  cut  off  from  the  heart.  In  the  second  place, 
Mjo-m^for  centre  sends  out  rhythmical  impulses,  by  which  undula- 
lof  blood-pressure  are  produced,  quite  independent  of  the  so-called 
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respiratory  undulations.  Tbe  action  of  this  centre  in  producing  sod 
undulations  is  thus  demonstrated.  In  an  animal  under  the  infloeno 
of  urari,  a  record  of  whose  blood-pressure  is  being  taken,  and  when 
artificial  respiration  has  been  stopped,  and  both  Yagi  cut,  the  blood 
pressure  curve  rises  at  first  almost  in  a  straight  line,  but  after  a  timi 
rhythmical  undulations  occur  (called  Traube's  or  Traube-Herinfi 
curves) ;  there  may  be  upward  of  ten  of  tlie  respiratory  undulations  ia 
one  Traube-IIering  curve.  They  continue  as  long  as  the  blood-pressan 
continues  to  rise,  and  only  cease  when  the  vaso-motor  centie  and  the 
heart  are  exhausted,  when  the  pressure  falls.  The  undulations  cannot 
depend  upon  anything  but  the  vaso-motor  centre,  as  the  mechanic^ 
effects  of  respiration  have  been  eliminated  by  the  urari  and  bythi 
cessation  of  artificial  respiration,  jAid  the  effect  of  the  cardio-inhibitoiT 
centre  has  been  removed,  by  the  division  of  the  vagi.  The  rhythmio 
rise  of  blood-prcssurc  is  most  likely  due  to  a  rhythmic  constriction  of 
the  arterioles  followed  by  a  rhytlimic  full  of  pressure  and  relaxati<»if 
both  being  due  to  tlie  action  of  the  vaso-motor  centre.  The  vaso-inotor 
centre,  therefore,  as  well  as  the  cardio-inhibitory,  is  capable  of  produc- 
ing rhythmical  undulations  of  blood-pressure. 

Clieyne-Stokcs^  hrefdhing  is  a  rhythmical  irregularity  in  respiratiiM 
which  has  been  observed  in  various  diseases,  and  is  especially  connectei 
with  fatty  degeneration  of  tlie  heart.  Kespirations  occur  in  groups, it 
the  beginning  of  eacli  group  the  inspinitions  are  very  shallow,.but  eacb 
successive  breath  is  deeper  tlian  the  preceding,  until  a  climax  is  reached, 
after  which  the  inspirations  become  less  and  less  deep,  until  they  ceaio 
after  a  slight  i)ause  altogether.  This  plienomeuon  appears  to  be  due  to 
the  want  of  action  of  some  of  tlie  usual  cerebral  infiuences  which  ptfl^ 
down  to  and  reguhite  the  discharges  of  the  respiratory  centres.  \ 

AVhatcver  is  the  exact  quality  of  the  venous  blood  which  excites  th»^ 
respiratory  centre  to  produce  normal  respirations,  there  can  be  no  donfc 
that  as  the  blood  becomes  more  and  more  venous  from  obstruction  i 
the  entrance  of  air  into  the  lung,  or  from  the  blood  not  taking  up  in 
the  air  its  usual  sup})ly  of  oxygen,  tlie  respiratory  centre  becomes  moit^ 
active  and  excitable,  and  a  condition  ensues,  which  passes  rapidly  froaj 
Hypcrj)nwa   (excessive  breathing)  to  the  state  of  Dyspnoea   (diffic 
breathing),  and  afterward  to  AsjJiyxia  ;  and  the  latter,  unless  relieve 
quickly  ends  in  death. 

The  ways  by  which  this  condition  of  asphyxia  may  be  produced  art 
very  numerous: — As,  for  example,  by  the  prevention  of  the  due  entif 
of  oxygen  into  the  blood,  either  by  direct  obstruction  of  the  trachea  fl* 
other  part  of  the  respiratory  passages,  or  by  introducing  instead  d 
ordinary  air  a  gas  devoid  of  oxygen,  or,  by  interference  with  the  due  i» 
terchange  of  gases  between  the  air  and  the  blood. 

The  symptoms  of  asphyxia  may  be  divided  into  three  groups,  whtti 
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lond  with  the  stages  of  the  conditioa  which  are  aaually  recog- 
Lxed,  these  are  (1),  the  stage  of  exaggerated  breathing;  (2),  the  Btage 
[convulsions;  (3),  the  stage  of  exhaostion. 

In  the  ^V*^  daye  the  breathiDg  becomes  more  rapid  and  at  the  same 
me  more  deep  than  usual,  the  iospirations  at  first  boing  especially  ex- 
ggerated  and  prolonged*  The  muscles  of  extraordinary  inspiration  are 
died  into  action,  and  the  effort  to  respire  is  labored  and  painful.  This 
\  mon  followed  by  a  similar  increase  in  the  expiratory  efforts,  which 
ioome  excessively  prolonged,  being  aided  by  all  the  muscles  of  extra- 
rdmary  expiration.  During  this  stage,  which  lasts  a  varying  time, 
ram  a  minute  upward,  acL^ording  as  the  deprivation  of  oxygen  is  sudden 
rgradaal,  the  lips  become  blue,  the  eyes  arc  prominent,  and  the  ex* 
ression  intensely  anxious.  The  prolonged  respirations  are  accompanied 
)r  %  distinctly  audible  sound;  the  muscles  attached  to  the  chest  stand 
Bt  as  distinct  cords.  This  stage  includes  the  two  conditions  hyperpnoja 
nd  dygpna?a  already  spoken  oL  It  is  duo  to  the  increasingly  powerful 
Emulation  of  the  respiratory  centres  by  the  increasingly  venous  blood. 

In  the  second  aittge,  which  is  not  marked  out  by  uny  distinct  line  of 
eniarcation  from  the  first,  the  violent  expiratory  efforts  become  con- 
llsive,  and  then  give  way,  in  men  and  other  warm-blooded  animals  at 
»y  rate,  to  general  convulsions,  which  arise  from  the  further  stimnhi- 
l»D  of  the  centres.  The  spasms  of  the  muscles  of  the  body  in  general 
icur,  and  not  of  the  respiratory  muscles  only.  The  convulsive  stage 
Athort  one,  and  lasts  far  less  than  a  minute. 

The  third  nidge  or  stage  of  exhaustion.  In  it,  the  respirations  all  but 
■se,  the  spasms  give  way  to  flaccid ity  of  the  mosclcs,  there  is  inseosi- 
lity^  the  conjunctivie  are  insensitive  aiul  the  pupils  are  widely  dilated, 
lery  now  and  then  a  prolonged  sighing  inspiration  takes  place,  at 
nger  and  longer  intervals  until  tliey  cease  altogether,  and  death  en- 
«8»  Buring  this  stage  the  poise  is  scarcely  to  be  felt,  but  the  heart 
1^  beat  for  some  seconds  after  respirations  have  quite  ceased.  The 
ndition  is  due  to  the  gradual  paralysis  of  the  respiratory  centre  by 
te  prolonged  action  of  the  iucresisingly  venous  Idood, 

As  with  the  first  stage,  the  dnnition  of  the  second  and  third  stages 

Kls  whether  the  manner  of  the  deprivation  of  oxygen  is  sudden  or 
L  The  convulsive  stage  is  short,  lasting,  it  may  be,  only  one 
imie.  The  third  stage  may  last  three  minutes  and  upward. 
The  conditions  of  ikf  va.^rulur  sj/siem  in  asphyxia  are;— (1)  More  or 
Utjlerferenee  with  the  passage  of  tfie  bloo<l  tlirough  the  systemic  and 
I  pulmonary  blood-vessels;  (2)  Acrumulation  of  blood  in  the  right  side 
the  heart  and  iu  tlie  systemic  veiii.s;  (3)  Circotation  of  iuipme  (non- 
Hied)  blood  in  all  parts  of  the  hoily. 

After  death  from  asphyxia  it  is  found  in  the  great  majority  of  eases 
It  the  right  side  of  the  heart,  the  pulmonary  arteries,  and  the  systemio 


294  Handbook  of  PHirstOLOaY. 

▼eins  are  gorged  with  dark,  almost  black  blood,  and  the  left  side  of  1 
hearty  the  pulmonary  veins,  and  the  arteries  are  empty.  The  expli] 
tion  of  these  appearances  may  be  thus  summarized :  when  respirati 
is  stopped,  venous  blood  at  first  passes  freely  through  the  lungs  to  t 
left  heart,  and  so  to  the  great  arteries.  When  it  reaches  the  arteriol 
either  by  its  direct  action  upon  their  muscular  tissue,  or  more  probtl 
through  the  medium  of  the  vaso-motor  centres,  the  arterioles  oontni 
particularly  those  of  the  splanchnic  area,  the  blood-pressure  rises  ai 
the  left  side  of  the  heart  becomes  distended.  This  latter  effect  may' 
from  the  extra  action  of  the  right  heart,  but  is  more  probably  due 
the  increased  peripheral  resistance,  and  its  slower  beat.  Although  tl 
arterioles  are  contracted,  a  little  blood  is  allowed  to  pass  through  Hhm 
and  this  highly  venous  blood,  favored  by  the  labored  respiratory  moi 
ments,  arrives  at  the  riglit  side  of  the  heart.  When  it  reaches  the  pi 
mouary  arterioles  it  gives  rise  to  the  same  contraction  in  them  as  it  d 
in  the  systemic  vessels.  This  obstruction  to  the  circulation  throii| 
the  lungs  causes  a  distended  condition  of  the  right  heart  and  the  pi 
monary  artery,  and  on  the  other  hand,  produces  a  greatly  diminidu 
blood-flow  through  the  pulmonary  veins  and  to  the  left  side  of  the  hen 
resulting  after  a  time  in  practical  emptiness.  So  that  in  the  third  stif 
of  asphyxia  it  is  stated  by  some  observers  that  the  left  heart  gets  iff 
the  condition  in  which  it  is  found  after  death.  Others  think  that  d 
empty  condition  of  the  left  heart  is  a  post-mortem  phenomenon.  1 
the  first  and  second  stages  of  the  condition  the  blood-pressure  contiiu 
ously  rises  until  it  readies  a  point  far  above  the  normal.  The  veins  s 
greatly  engorged,  so  that  when  pricked  they  act  as  arteries,  inasmuch] 
they  eject  the  blood  for  some  distance.  Both  sides  of  the  heart  and  il 
pulmonary  vessels  are  engorged  with  blood,  at  any  rate  during  tl 
greater  portion  of  these  stages,  and  at  the  third  stage  blood-presBO 
falls  rapidly. 

Cause  of  dealJi.— The  causes  of  those  conditions  and  the  manner) 
which  they  act,  so  as  to  be  incompatible  with  life,  may  be  here  brifll 
considered. 

(1)  The  obstruction  to  the  passage  of  blood  through  the  lungs  cecal 
chiefly  in  the  later  stages  of  asphyxia,  the  obstruction  being  chiefly  i 
the  arterioles,  which  contract  under  the  influence  of  the  vaso-mofa 
centre,  or  possibly  of  a  special  part  of  it,  which  governs  the  action  i 
the  pulmonary  blood-vessels. 

(2)  Accumulation  of  blood,  with  consequent  distention  of  the  rij| 
side  of  the  heart  and  of  the  systemic  veins,  is  the  direct  result,  at  Ifli 
in  part,  of  the  obstruction  to  the  pulmonary  circulation  just  referred! 
Other  causes,  however,  are  in  operation,  (a)  The  vaso-motor  cento 
stimulated  by  blood  deficient  in  oxygen,  cause  contraction  of  all  fl 
small  arteries  with  increase  of  arterial  tension,  and  as  an  immedia 
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Kfiseqaence  the  filling  of  the  systemic  veins,  (b)  The  increased  arterial 
Dtton  is  followed  by  inhibition  of  the  action  of  the  heart,  and  the 
t,  contracting  leas  frequently,  and  also  gradually  enfeebled  by  defi- 
eat  supply  of  oxygen,  becomes  over-distended  with  blood  which  it 
Istnot  expeL  At  this  stage  the  left  as  well  as  the  right  cavities  are 
rer-distended. 

The  iU  eflfects  of  these  conditions  are  to  be  looked  for  partly  in  the 
MTt,  the  mnscular  fibres  of  which,  like  those  of  the  urinary  bladder  or 

ly  other  hollow  mnscnlar  organ,  may  be  paralyzed  by  over-stretching; 

id  partly  in  the  venous  congestion,  and  consequent  interference  with 
le  function  of  the  higher  nerve-centres,  especially  the  medulla  ob- 
ogata. 

(3)  The  passage  of  non-aerated  blood  through  the  lungs  and  its  die- 
ibotion  over  the  body  are  events  incompatible  with  life  in  one  of  the 

gber  animals  for  more  than  a  few  minutes;  the  rapidity  with  which 
iUh  ensues  in  asphyxia  being  due,  more  particularly,  to  the  elfect  of 
to-oxygenized  blood  on  the  medulhi  oblongata,  and,  through  the 
nonary  arteries,  on  the  muscular  substjmce  of  the  heart.     The  excitu- 

ityof  both  nervous  and  muscular  tissue  is  dependent  on  a  constant 
id  Urge  supply  of  oxygen,  and,  when  this  is  interfered  with,  excita- 

ily  is  rapidly  lost. 

Effects  of  brent  king  ga^tes  other  ihan  I  he  atmoHphere, — The  diminu- 
m  of  oxygen  has  a  more  direct  influence  in  the  production  of  the  usual 
iDptoms  of  asphyxia  than  the  increased  amount  of  carbon  dioxide. 
ideed^  the  fatal  effect  of  a  gradual  accumulation  of  carbon  dioxide 

the  blood,  w!ieu  a  duo  supply  of  oxygen  is  maintained,  resembles 
Iher  the  action  of  a  narcotic  poison  than  it  does  jisphyxia. 

Then  again  we  must  carefully  distinguish  the  asphyxiating  effect  of 

io^nfficient  supply  of  oxygen  from  the  directly  poisonous  action  of 
ch  gases  as  carbonic  oxide,  whicli  is  contained  to  a  considerable 
toiint  in  common  coal-gas.  The  fatal  elTects  often  produced  by  this 
(as  in  accidents  from  burniug  charcoal  stoves  in  small,  close  rooms) 
dne  to  its  entering  into  combination  with  the  haemoglobin  of  the 
lod-corpuscles  and  thus  expelling  tli©  oxygen.     The  partial  pressure 

oxygen  in  the  atmosphere  may  be  considerably  increased  without 
leh  effect.  Hydrogen  may  take  the  place  of  nitrogen  if  the  oxygen 
in  the  nsual  proportion  with  no  marked  ill  effect.  Sulphuretted 
dro^en  destroys  the  ba^ujoglobin  of  blootl.  Nitrous  oxide  acta 
'ectly  CHI  the  nervous  system  as  a  narcotic,  Oertuin  gases,  such  as 
rbon  dioxide  in  more  tbun  a  certain  proportion;  sulphurous  and 
bcr  acid  ^ases,  ammonia,  and  chlorine  proiluco  Bpasmodic  closure 
the  glottis,  anil  are  irreapirable, 

.%5  conditions  causing  asphyxia  in  nddition  to  the  obatrnction  to  the 

ihea  or  elsewhere,  and  the  prevention  ol  the  meeting  of  tlie  blood 
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and  the  air  in  the  lung  tissue  by  the  blocking  of  one  or  more  bnu 
of  the  palmonary  artery,  may  be  mentioned  the  following: 

Alteration  in  the  atmospheric  pressure. — The  normal  oonditic 
breathing  is  that  the  oxygen  of  the  air  breathed  should  be  at  the 
sure  of  \  of  the  atmosphere,  viz.,  \  of  760  mm.  of  mercury,  or  152  : 
bat  it  is  found  that  life  may  be  carried  on  by  gradual  diminutio 
the  oyxgen  pressure  to  considerably  less  than  one  half  of  this,  yi 
76  mm.,  or  ^  partial  pressure,  which  is  reached  at  an  altitude  a 
15,000  feet.*  Any  pressure  less  than  this  may  begin  to  produce  al 
tions  in  the  relations  of  the  gases  in  the  blood,  and  if  an  animal  is 
jected  suddenly  to  a  marked  decrease  of  barometric  pressure,  and  i 
oxygen  pressure  (below  7  per  cent),  it  is  thrown  into  conyulsions,  m 
is  found  that  the  gases  are  set  free  in  the  blood-vessels,  no  doubt  ca 
dioxide  and  oyxgen  as  well  as  nitrogen,  although  the  latter  is  the 
one  of  the  three  gases  the  presence  of  which  in  the  vessels  in  d 
from  this  condition  of  affairs  has  been  proved;  the  others  are  sai 
be  reabsorbed.  Other  derangements  may  precede  this,  e.g.,  blee 
from  the  nose,  dyspnoea,  and  vascular  derangement.  On  the  other  b 
the  oygxen  may  be  gradually  increased  to  a  considerable  extent  wit 
marked  effect^  even  to  the  extent  of  8  or  10  atmospheres,  but  when 
oxygen  pressure  is  increased  up  to  20  atmospheres  the  animals  ex; 
mented  upon  by  Paul  Bert  died  with  severe  tetanic  convulsions, 
alteration  of  pressure  above  or  below  a  certain  average  affects  prim 
the  gaseous  interchange  in  the  lungs,  and  then  that  in  the  tissues  { 
rally,  but  signs  of  dyspnoea  may  be  produced  as  well  either  by  cui 
off  tlie  supply  of  blood  to  the  medullary  centres,  or  by  warming  the  i 
of  the  carotid  arteries  which  supply  them.  The  cause  in  the  fo 
case  being  the  deprivation  of  oxygen  and  the  accumulation  of  the 
bon  dioxide,  and  of  the  latter,  the  increased  metabolism  of  the  a 
set  up  by  the  warmed  blood. 

*  For  an  interesting  account  of  the  symptoms  produced  by  diminished  al 
pheric  pressure  in  those  mounting  to  very  high  altitudes,  Whymper'a  *Ti 
amongst  the  Andes  of  the  Equator  ^  may  be  consulted. 


CHAPTER  Yin, 

SECRETION. 

It  is  the  function  of  gland  cells  to  produce  bj  the  metabolism  of  their 
otoplasm  certain  substances  called  secretions.     These  muter iiils  are  of 

kinds;  viz.,  those  which  are  employed  for  the  purpose  of  serving 
nc  ulterior  office  in  the  economy,  and  those  which  are  discharged  from 

body  as  useless  or  injurious.  In  the  former  case,  the  seymrated 
BTisds  are  termed  true  se^reliofi^;  in  the  latter  they  are  termed  excre- 

The  secretions  as  a  rulo  cuneist  of  substances  which  do  not  pre-exist 
the  same  form  in  the  blood,  but  require  Bpecial  cells  and  a  process 
elaboration  for  their  formation,  e.g.j  the  liver  cells  for  the  forma- 
of  bile,  the  mammary  gland-cells  for  the  formation  of  milk.  The 
itions,  on  the  other  band,  commonly  consist  of  substances  which 
ready-formed  in  the  blood,  and  aro  merely  abstracted  therefrom. 
m  any  c^use,  such  as  extensive  disease  or  extirpation  of  an  excre- 
organ,  the  separation  of  an  excretion  is  prevented,  and  an  accumu- 
of  it  in  the  blood  ensues,  it  frequently  escapes  through  other 
I,  and  may  be  detected  in  various  fluids  of  the  body.  But  this  is 
the  case  with  secretions;  at  least  with  those  tluit  arc  most  elabo- 
;  for  after  the  removal  of  the  special  organ  by  which  each  of  them 
manufactured,  the  secretion  is  no  longer  formed.  Cases  sometimes 
in  which  the  secretion  continues  to  be  formed  by  the  natural 
1,  but  not  being  able  to  escape  toward  the  exterior,  on  account  of 
obstruction,  is  re-absorljcd  into  the  blood,  and  afterward  discharged 
it  by  exudation  in  other  ways;  but  these  are  not  instances  of  true 
ious  secretions,  and  niost  not  be  so  regarded. 
e  circumstances  of  their  formation,  and  their  final  destination,  are, 
■lerer,  the  only  particulars  in  which  fiecretions  and  excretions  can  be 
Itinguisbcd;  for,  in  general,  the  structure  of  the  parts  engaged  in 
niinati ng  excretions  is  as  complex  as  that  of  the  parts  concerned  in  the 
rmatioQ  of  secretions.  And  since  the  differences  of  the  two  processes 
rparation,  corresponding  with  those  in  the  several  purposes  and  dcs- 
iona  of  the  fluids,  are  not  yet  ascertained,  it  will  be  sufficient  to 
t  ID  general  terms  of  the  process. 
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Every  secreting  apparatus  possesses,  as  essential  parts  of  its  stnicti 
a  simple  and  almost  textureless  membrane,  named  the  primaty  or  i 
ment'tnembrane;  certain  cells;  and  blood-vessels.  These  three  stmcti 
elements  are  arranged  together  in  various  ways;  bnt  all  the  varieties  i 
be  classed  under  one  or  other  of  two  principal  divisions,  namely,  m 
branes  and  glands. 


Organs  and  Tissues  of  Secretion. 

The  principal  secreting  organs  are  the  following: — (1)  the  serous i 
synovial  membranes;    (2)   the   mucous   membranes  with  their  spei 
glands,  6.^.,  the  buccal,  gastric,  and  intestinal  glands;  (3)  the  sali? 
glands  and  pancreas;  (4)  the  mammary  glands;  (5)  the  liver;  (6) 
lachrymal  gland;  (7)  the  kidney  and  skin;  and  (8)  the  testes. 

The  structure  and  functions  of  the  glands  secreting  materials  used 
digestion  will  bo  considered  when  we  study  the  alimentary  tract.  T 
functions  of  the  kidney  and  skin  will  be  described  in  a  future  chaptei 

The  lachrymal  gland  will  be  considered  with  the  rest  of  the  op 
apparatus  and  the  testes  in  the  Chapter  on  Generation.  There  remai 
then,  the  serous  and  mucous  membranes  and  the  mammary  gland  to 
here  described. 

(1.)  Serous  and  Synovial  Membranes. — Serous  membranes  are 
two  principal  kinds:  1st,  Those  wliich  line  visceral  cavities, — the  arat 
noidy  pericardium^  pleurcPy  peritoneum^  and  iunicce  vaginales.  2d.  T 
stjnovial  membranes  lining  the  joints,  and  the  sheaths  of  tendo 
and  ligaments,  with  which,  also,  are  usually  included  the  synovial  bun 
or  bnrscB  muroso'^  whether  these  bo  subcutaneous,  or  situated  benM 
tendons  and  glide  over  bones. 

The  serous  membranes  form  closed  sacs,  and  exist  wherever  the  fi 
surfaces  of  viscera  come  into  contact  with  each  other  or  lie  in  caviti 
unattached  to  surrounding  parts.  The  viscera  invested  by  a  seii 
membrane  are,  as  it  were,  pressed  into  the  shut  sac  which  it  forH 
carrying  before  them  a  portion  of  the  membrane,  which  serves  astki 
investment.  To  the  law  that  serous  membranes  form  shut  sacs,  thfl 
is,  in  the  human  subject,  one  exception,  viz.:  the  opening  of  theR 
lopian  tubes  into  the  abdominal  cavity, — an  arrangement  which  eii 
in  man  and  all  Vertebra ta,  witli  the  exception  of  a  few  fishes. 

The  serous  membranes  are  especially  distinguished  by  the  charaoh 
of  the  endothelium  covering  their  free  surface:  it  always  consists  o( 
single  layer  of  polygonal  cells.  Tlie  ground  substance  of  most  WK^ 
membranes  consists  of  connective-tissue  corpuscles  of  various  f^ 
]ying  in  the  branching  spaces  which  constitute  the  lymph  canatiM 
tystemy  and  interwoven  with   bundles  of  white  fibrous  tissue,  and  i 
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iiijerona  delicate  elastic  fibrillae,  together  with  blood-Yessels,  nerves,  and 
^l|inphatics.     In  relation  to  the  process  of  secretion,  the  layer  of  connec- 
Uaaueserres  as  a  {groundwork  for  the  ramification  of  blood-yessels, 
,  and  lymphatics.     Bnt  in  its  usual  form  it  is  absent  in  some  in- 
iiceSt  BS  in  the  arachnoid  covering  the  dura  mater,  and  in  the  interior 
1^  the  ventriclea  of  the  brain.     The  primary  membrane  and  epithelium 
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f\g.  tlfll — 9ectloo  of  Bynorial  memljrurii'  n,  F-ndotlielial  txiverdij?  of  the  plevntions  of  the 
"iimae;  &,  nabserous  u«sue  t.'ontalnInK  fat  and  blood -veasi-'ls;  c,  ligameot  eovvn^d  by  tbe  8j* 
[  sieciibf«Qie.    (CtdlAtO 


'mr*'  always  present,  and  are  concerm^d  in  the  formation  nf  the  fluid  by 
ihich  the  free  surface  of  the  membmne  is  moistened. 

Functions, — The  principal  purpose  of  the  serous  and  synovial  mem- 
is  to  furnish  a  smooth,  moist  surface,  to  facilitate  the  movements 
^Ihe  invested  organ,  and  to  prevent  the  injurious  ellecta  of  friction, 
purpose  is  especially  manifested  in  joints,  in  which  free  and  exten- 
movements  take  place;  and  in  the  stomach  and  intestines,  wJiich, 
the  varying  quantity  and  movements  of  their  contents,  are  in  al- 
p  constant  motion  upon  one  another  and  the  walla  of  the  ahdonuuK 
Fluid. — The  fluid  secreted  from  the  free  surface  of  the  serous  mem- 
is»  in  health,   rarely  more  than  sufficient   to  ensure  tlie  mainto- 
of  their  moisture.     The  opposed  surfaces  of  each  serous  sac  arc  at 
point  in  contact  with  each  other.     After  death,  a  larger  quantity  of 
Id  ij  usually  found  in  each  serous  sac;  but  this,  if  not  the  product  of 
ifeet  disease,  is  probably  such   as  has  transuded  after  death,  or  in 
last  hours  of  life.     An  excess  of  such  fluid  in  any  serous  sac  consti- 
I  dropsy  of  the  sac. 
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The  fli^id  naturally  secreted  by  the  serous  membranea  appears  to  h 
identical,  in  general  and  chemical  characters,  with  very  dilute  IiqiN| 
sanguinis.    It  is  of  a  pale-yellow  or  straw-color,  slightly  yiscid,  alkalinf 
and  on  account  of  the  presence  of  albumen,  coagulable  by  heat.    Tl 
similarity  of  the  serous  fluid  to  the  liquid  part  of  blood,  and  to  thefla 
with  which  most  animal  tissues  are  moistened,  formerly  ied  to  the  balil 
that  it  was  a  simple  transudation;  but  Heidenhain  has  concluded  bm 
experiments  that  the  process  of  separation  is  one  of  secretion,  dependoi 
upon  the  vital  activity  of  the  endothelial  cells.     There  ia  reason  foria 
posing  that  the  fluids  of  tlio  cerebral  ventricles  and  of  the  arachnoids 
are  likewise  secretions;  for  they  differ  from  the  fluids  of  the  other  aexoi 
sacs  not  only  iu  being  pellucid,  colorless,  and  of  much  less  specific  grM 
ity,  but  in  that  they  seldom  receive  the  tinge  of  bile  when  present  in 
blood,  and  are  not  colored  by  madder,  or  other  similar  substances  inti 
duced  abundantly  into  the  blood. 

It  is  also  probable  that  the  formation  of  ftynovtal  fluid  is  a  pi 
of  genuine  aud  elaborate  secretion,  by  means  of  the  epithelial  cells 
the  surface  of  the  membrane,  and  especially  of  those  which  are 
lated  on  the  edge  and  processes  of  the  synovial  fringes;  for,  in  its 
liar  density,  viscidity,  and  abundance  of  albumen,  synovia  differs 
from  the  serum  of  blood  and  from  the  fluid  of  any  of  the  serous  cavitif 

(2.)  Mucous  Membranes. — The  mucous  membranes  line  all  tiN 
passages  by  which  internal  parts  communicate  with  the  exterior,  ai 
by  which  either  matters  arc  eliminated  from  the  body  or  foreign 
stances  taken  into  it.  They  are  soft  and  velvety,  and  extremely  v 
lar.  The  external  surfaces  of  mucous  membranes  are  attached  to  varifl 
other  tissues;  in  the  tongue,  for  example,  to  muscle;  on  cartilagina 
parts,  to  perichondrium;  in  the  cells  of  the  ethmoid  bone,  in 
frontal  and  sphenoidal  sinuses,  as  well  as  in  the  tympanum,  to  peri 
teum;  in  the  intestinal  canal,  it  is  connected  with  a  firm  submnoi 
membrane,  which  on  its  exterior  gives  attachment  to  the  fibres  of  i 
muscular  coat.  The  mucous  membranes  line  certain  principal  tracti 
G(tstrO'pulmo7iary  ViXi^l  Genito-urinary;  the  former  being  subdivided  il 
the  Digestive  and  Respiratory  tracts. 

1.  The  Digestive  tract  commences  in  the  cavity  of  the  mouth,  tBk 
which  prolongations  pass  into  the  ducts  of  the  salivary  glands.  En 
the  mouth  it  passes  through  the  fauces,  pharynx,  and  cesophagus,  to 
stomach,  and  is  thence  continued  along  the  whole  tract  of  the  ini 
canal  to  the  termination  of  the  rectum,  being  in  its  course  arranged 
the  various  folds  and  depressions  already  described,  and  prolonged  i 
the  ducts  of  the  intestinal  glands,  the  pancreas  and  liver,  and  intoi 
gall-bladder. 
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e  Begpiratory  tract  inclndeB  the  mucous  membraBo  ImiDg  the 

the  noee,  and  the  varioos  BiDuses  com  muni  eating  with  it»  the 

canal  and  8a<;,  the  conjnnetiTa  of  the  eye  and  eyelids,  and  the 

tion  which  passes  along  the  Eustachian  tubes  and  lines  thetym- 

and  the  inner  surface  of  the  raembrana  tympani.     Crossing  the 

and  lining  that  part  of  it  which  is  above  the  soft  palate,  the 

ry  tract  le^s  into  the  glottis,  whence  it  is  continued,  through 

and  trachea,  to  the  bronchi  and  their  divisions,   which  it 

as  the  branches  of  about  -^  of  an  inch  (4  mm.)  in  diameter, 

tioiis  with  it  is  a  layer  of  delicate  epithelial  membrane  which 

into  the  pulmonary  cells. 

e  Geni to- urinary  tract,  which  lines  the  whole  of  the  urinary  pas- 

ni  the ir  ex ternalori lice  to  the  termination  of  tbetnbuli  uriniferi 

idneys,  extends  ako  into  the  organs  of  generation  in  both  sexes, 

the  dacts  of  the  glands  connected  with  them :  and  in  the  female 

continnoua  with  the  serous  membrane  of  the  abdomen  at  the 

of  the  Fallopian  tubes. 

r#- — These  mucous  tracts,  and  different  portions  of  each  of 
nt  certain  struct  to  ral  peculiarities,  adapted  to  the  functions 
part  has  to  discharge;  yet  in  some  essential  characters  the 
membrane  is  the  same,  from  whatever  part  it  is  obtained.     In 
principal  and  larger  parts  of  the  several  tracts,  it  presents,  as 
arked,  an  external  layer  of  epithelium,  situated  upon  a  basement 
iSf   and  beneath  this,  a  stratum  of  vascular  tissue  of  variable 
B,    containing    lymphatic    vessels    and    nerves.      The    vascular 
(,  toge  t  h  er  w  i  th  1 1 1  c  base  men  t  m  em  b  r  anc  an  d  c  p  i  t  h  e  1  i  u  m  ^  i  n  d  i  ff  e  r- 
is  elevated  into  minute  papillie  and   villi,   or  depressed  into 
ons  in  the  form  of  ghinda.     But  in  the  prolongations  of  the 
here  they  pass  into  gland -ducts^  these  constituents  arc  reduced 
test  branches  of  the  duets  to  the  epithelium,  the  primary  or  base- 
mbrane,  and  the  capillary  blood-vessels  sprejid  over  the  outer 
of  the  latter  in  a  single  layer* 

primary  or  basement  membrane  is  a  thin  transparent  layer,  sim- 
logeneous,  or  composed  of  endothelial  cells*  In  the  minuter 
S  of  the  mucous  membranes,  and  in  the  ducts  of  g hinds,  it  is  the 
intinuous  and  correspondent  with  this  basement-membrane  that 
le  proper  walls  of  the  tubes.  The  cells  also,  which,  lining  the 
ud  coarser  mucous  membranes,  constitute  their  epithelium,  are 
us  with  and  often  similar  to  those  which,  lining  the  gland- ducts, 
»d  gland'cells.  No  certain  distinction  can  be  drawn  between  the 
nin-rells  of  mucous  membranes  and  gland-cells, 
urns  Fluid:  Mucus. — From  all  mucous  membranes  there  is  secreted 
om   the  surface  or  from  certain  special  glands,  or  from  both,  a 
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more  or  less  viscid,  grayish,  or  Bemi-transparent  fluid,  of  alkaline  m 
tion  and  high  specific  gravity,  named  mucus.  It  mixes  imperfool 
with  water,  but,  rapidly  absorbing  liquid,  it  Bwella  considerably  wh 
water  is  added.  Under  the  microscope  it  is  found  to  contain  epithelii 
and  leucocytes.  It  is  found  to  be  made  up,  chemically,  of  mad 
which  forms  its  chief  bulk,  of  a  little  albumen,  of  salts  chiefly  chlorid 
and  phosphates,  and  water  with  traces  of  fats  and  extractives. 

Secbetiko  Glands. 

The  secreting  glands  present,  amid  manifold  diversities  of  form  m 
composition,  a  general  plan  of  structure;  all  contain,  and  appear  oa 
structed  with  particular  regard  to  the  arrangement  of  the  cells,  which|i 
already  expressed,  both  line  their  tubes  or  cavities  as  an  epithelium,  m 
elaborate,  as  secreting  cells,  the  substances  to  be  discharged  from  thari 

I'ypes  of  Secreting  Glayids. — Secreting  glands  may  be  classified  aoooi^ 
ing  to  certain  types,  which  are  the  following: — 1.  The  simple  tMk 
gland  (a,  fig.  220),  examples  of  which  are  furnished  by  the  foUideij 
Licberkubn,  and  the  tubular  glands  of  the  stomach.  They  are  sing 
tubular  depressions  of  the  mucous  membrane,  the  wall  of  which  is  form 
of  primary  membrane  and  is  lined  with  secreting  ceils  arranged  as  ( 
epithelium.  To  the  same  class  may  be  referred  the  elongated  and  tfl 
tuous  sudoriferous  (/lands, 

2.  Tlie  compound  tubular  glands  (d,  tg,  220)  form  another  divino 
These  consist  of  main  gland-tubes,  which  divide  and  subdivide.  El 
gland  may  ])e  made  up  of  the  subdivisions  of  one  or  more  main  tufa 
The  ultimate  subdivisions  of  the  tubes  are  generally  highly  convolnti 
They  are  formed  of  a  basement-membrane,  lined  by  epithelium 
various  forms.  The  larger  tubes  may  have  an  outside  coating  of  fibrol 
areolar,  or  muscular  tissue.  The  kidney^  testes^  salivary  glands,  fi 
creaSy  Brunner's  ghnds^  with  the  lachrymal  ayid  mammary  glands^  M 
some  mucous gkmds  are  examples  of  this  type  but  present  more  or  1 
marked  variations  among  themselves. 

3.  The  aggregate  or  racemose  glands,  in  which  a  number  of  vesickij 
acini  arc  arranged  in  groups  or  globules  (c,  fig.  220).     The 
follicles  are  examples  of  this  kind  of  gland.     There  seem  to  be  gl 
mixed  character,  combining  some  of  the  characters  of  the  tubular 
others  of  the  racemose  type;  these  are  called  tubulo-racemose  or 
acinous  glands.     These  glands  differ  from  each  other  only  in  i 
points  of  structure :  such  as,  chiefly,  the  arrangement  of  their 
ducts,  the  grouping  of  the  acini  and  lobules,  their  connection  by 
tissue,  and  supply  of  blood-vessels.     The  acini  commonly  appear 
formed  by  a  kind  of  fusion  of  the  walls  of  several  vesicles,  whioh 


\Wlg.  *3«v, — Plans  of  ext^piusion  of  wHTt-^tini?  mt'mbranc  by  inifpr»f*jn  or  r(»cpjwifni  In  form  *>f  oav- 
^  A,  Simple  Klaiids,  viz,,  g,  fttraigbt  tut»e:  A,  stac:  t,  coil*^l  tuU*  b,  Mwltibxnilar  crvpta;  lr, 
joimrtormi  7^  aiuxuiaj.  c\  R4it*t*m<»»*e.  nr  jmcviilar  (.'otnixHinrl  iflnnil;  t)K  **nUiv  iflatid,  ohow- 
nnuKiAusd  duct  jtnd  b^bitlar  »tructm>';  n,  a  lotmb^.  rletachixl  with  f^  braDob  of  duct  f — "^ 
ifttftm  it,     t>.  Compound  tubular  gland  (^Shaqwy). 


ifjd-c*?ll&,  and  opemog  by  a  common  eentrul  ciivity  into  minute  ducts, 
iiicii  ducts  in  the  large  glands  converge  and  unite  to  form  larger  and 

er  branch^,  and  at  length  by  one  common  trunk  open  on  a  free 

*ace  of  membrane. 

Amang  these  varieties  of  structure,  all  the  secreting  glands  are  alike 

ome  eesential  foiutSi  besides  thv^  which  they  have  in  common  with 
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all  truly  seoroting  struotures.  They  agree  in  preflenting  a  large  exten 
of  secreting  sarface  within  a  comparatively  small  space;  in  the  circav 
stance  that  while  one  end  of  the  gland-dact  opens  on  a  free  sarface,  tbi 
opposite  end  is  always  closed,  having  no  direct  commnnication  wiftli 
blood-vessels,  or  any  other  canal;  and  in  a  nniform  arrangement  d 
capillary  blood-vessels,  ramifying  and  forming  a  network  aroand  tin 
walls  and  in  the  interstices  of  the  ducts  and  acini. 

Process  of  Secretion. — It  is  generally  conceded  that  the  process  of  se- 
cretion is  dependent  upon  the  vital  activity  of  the  secreting  cells.  Itk 
possible,  however,  in  the  case  of  the  water  and  salts,  that  thephysied 
processes  of  filtration  and  dialysis  may  play  a  part. 

The  chemical  processes  constitute  the  process  of  secretion^  properlysi 
called,  as  distinguished  from  mere  transudation  spoken  of  above.  Ilj 
the  chemical  process  of  secretion  various  materials  which  do  not  exist ^ 
such  in  the  blood  are  manufactured  by  the  agency  of  the  gland -cells  frooi 
the  blood,  or  to  speak  more  accurately,  from  the  plasma  which  exodfli 
from  the  blood-vessels  into  the  interstices  of  the  gland -textures.  \ 

The  best  evidence  in  favor  of  this  view  is :  1st.  That  cells  and  nndd 
are  constituents  of  all  glands,  however  diverse  their  outer  forms  and  otlNl 
characters,  and  that  they  are  in  all  glands  placed  on  the  surface  or  ii 
the  cavity  whence  the  secretion  is  poured.  2d.'  That  certain  materiit| 
of  secretions  are  visible  with  the  microscope  in  the  gland  cells  befoid 
they  arc  discharged.  Thus,  granules  probably  representing  the  fsH 
mcnts  of  the  pancreas  may  be  discerned  in  the  cells  of  that  gkuidl 
spermutozoids  in  the  cells  of  the  tubules  of  the  testicles;  grannies  fli 
uric  acid  in  those  of  the  kidneys  (of  fish);  fatty  particles,  like  those «^ 
milk,  in  the  colls  of  the  mammary  gland. 

Secreting  cells,  like  the  cells  of  other  organs,  appear  to  develop, 
and  attain  their  individual  perfection  by  appropriating  nutriment 
the  fluid  exuded  by  adjacent  blood-vessels  and  building  it  up,  so 
it  shall  form  part  of  their  own  substance.  In  this  perfected  state 
cells  subsist  for  some  brief  time,  and  when  that  period  is  over 
appear  to  dissolve,  wholly  or  in  part,  and  yield  their  contents  to 
peculiar  material  of  the  secretion.  And  this  appears  to  be  the 
every  part  of  the  gland  that  contains  the  appropriate  gland-cells;  then 
fore  not  in  the  extremities  of  the  ducts  or  in  the  acini  alone,  but  in  grai 
part  of  their  length. 

We  will  describe  elsewhere  the  changes  which  have  been  noticed 
actual  experiment  in  the  cells  of  the  salivary  glands,  pancreas,  and  p6|ill 
glands.  ] 

Discharge  of  secretions  from  glands  may  either  take  place  as  Boon  ■ 
they  are  formed ;   or  the  secretion  may  be  long  retained  within  fll 
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[d  or  its  ducts.     The  former  is  the  case  with  the  sweat  glands.     But 
secretions  of  those  glands  whose  activity  of  function  is  only  occa- 
are  usually  retained  in  the  ceOs  in  an  undeveloped  form  during 
periods  of  the  gland 'a  inaction.     And  there  are  glands  which  are 
Ske  both  these  classes,  such  as  the  lachrymal,  which  constantly  secrete 
portions  of  fluid,  and  on  occasions  of  greater  excitement  discharge 
ire  abundantly. 
When  discharged  into  the  ducts,  the  further  course  of  secretions  is 
ted  (1)  partly  by  the  pressure  from  behind;  the  fresh  quantities  of 
tion  propelling  those  that  were  formed  before*     In  the  larger  ducta, 
propulsion  ia  (2)  assisted  by  the  contraction  of  their  walls.     All  the 
:er  ducts,  such  as  the  ureter  and  common  bile-duct,  possess  in  their 
plain  muscular  fibres;  they  contract  when  irritated,  and  sometimes 
ifest  peristaltic  movements.    Rhythmic  contractions  in  the  pancreatic 
bile-ducts  have  been  observed,  and  also  in  the  ureters  and  vasa 
ferentia.     It  is  probable  that  the  contractile  jxiwer  extends  along  the 
to  a  considerable  distance  within  the  suhstanceof  the  glands  whose 
ions  can  be  rapidly  expelled.     Saliva  and  milk,  for  instance,  are 
mes  ejected  with  much  force. 

Ircumjftances  Infiuencing  Seereiion.—The  principal  conditions  which 
ioe  secretion  are  (1)  variations  in  the  qu^mtity  of  blood,  (2)  varia- 
In  the  quantity  of  the  peculiar  materials  for  any  secretion  that  the 
ood  may  contain,  and  (3)  variations  in  the  condition  of  the  nerves  of 
glands. 

(1.)  An  increase  in  thequantUy  of  Mood  traversing  a  gland^  as  iu 
rly  all  the  instances  before  quoted,  coincides  generally  with  an  aug- 
lentation  of  it^  secretion.  Thus  the  raucous  membrane  of  the  stomach 
Komes  florid  when,  on  the  introduction  of  food,  its  glands  begin  to 
erete;  the  mammary  gland  becomes  much  more  vascular  during  lacta- 
;  and  all  circumstances  which  give  rise  to  an  increase  iu  the  quan- 
of  material  secreted  by  an  organ  produce,  coincideutly,  an  increased 
jfplj  of  blood;  but  we  have  seen  that  a  discharge  of  saliva  may  occur 
ider  extraordinary  circumstances,  without  increase  of  blood-supply, 
id  so  it  may  be  inferred  that  this  condition  of  increased  blood-supply 
not  absolutely  essential. 

(2.)  An  increase  in  tJw  ammtui  of  the  materials  which  fke  glands  are 
wifned  to  separate  or  elaborate^  contained  in  the  Mood  supplied  to  them^ 
the  amount  of  any  secretion.     Thus,  when  an  excess  of  nitro- 
waste  is  in  the  blood,  from  destruction  of  one  kidney  or  whatever 
f,  a  healthy  kidney  will  excrete  more  urea  than  it  did  before, 
(B.y  Influence  of  the  Nervous  System  on  Secretion, — The  procesa  of 
rttioii  is  largely  iuflpenced  by  the  conditiuu  of  the  nervous  system. 
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The  exact  mode  in  which  the  influence  is  exhibited  must  still  be  re- 
garded as  somewhat  obscure.     In  part,  it  exerts  its  influence  by  increasiiy 
or  diminishing  the  quantity  of  blood  supplied  to  the  secreting  glsndi 
in  virtue  of  the  power  which  it  exercises  over  the  contractility  of  tin 
smaller  blood-vessels;  while  it  also  has  a  more  direct  influence,  as  k- 
described  at  length  in  the  case  of  the  submaxillary  gland,  npon  tin, 
secreting  cells  themselves;   this  may  bo  called  trophic  influence.    Iti.< 
influence  over  secretion,  as  well  as  over  other  functions  of  the  body, 
may  be  excited  by  causes  acting  directly  upon  the  nervous  centres,  upon 
the  nerves  going  to  the  secreting  organ,  or  upon  the  nerves  of  other 
parts.     In  the  latter  case,  a  reflex  action  is  prodnoed:  thus  the  impro- 
sion  produced  upon  the  nervous  centres  by  the  contact  of  food  in  the 
mouth  is  reflected  upon  the  nerves  supplying  the  salivary  glands,  and 
produces,  through  these,  a  more  abundant  secretion  of  the  saliva. 

Through  the  nerves,  various  conditions  of  the  brain  also  influence  the 
secretions.     Thus,  the  thought  of  food  may  be  sufiicient  to  excite  ai 
abundant  flow  of  saliva.     And,  probably,  it  is  the  m^it-al  state  whid 
excites  the  abundant  secretion  of  urine  in  hysterical  paroxysms,  ai  ivH  i 
as  the  perspirations,  and  occasionally  diarrhoea,  whicdi  ensae  under  flie 
influence  of  terror,  and  the  tears  excited  by  sorrow  or  excess  of  joj. 
The  quality  of  a  secretion  may  also  be  affected  by  mental  oonditions, « ll 
in  the  cases  in  which,  through  grief  or  passion,  the  secretion  of  milk  ii ! 
altered,  and  is  sometimes  so  changed  as  to  produce  irritation  in  the 
alimentary  canal  of  the  child,  or  even  death. 

Relations  between  the  Secretions, — The  secretions  of  some  of  the  glandi 
seem  to  })car  a  certain  relation  or  antagonism  to  each  other,  by  whid  ; 
an  increased  activity  of  one  is  usually  followed  by  diminished  activity  flf 
one  or  more  of  tlio  others;  and  a  deranged  condition  of  one  is  apt 
entail  a  disordered  state  in  the  others.     Such  relations  appear  to 
among  the  various  mucous  membranes;  and  the  close  relation  bet 
the  secretion  of  the  kidney  and  that  of  the  skin  is  a  subject  of  coi 
observation. 

The  Mammary  Glands. 

Structure, — The  muniniary  glands  arc  composed  of  large  divisions of^ 
lobes,  and  these  are  again  divisible  into  lobules — the  lobules  being  i 
posed  of  the  convoluted  and  dilated  subdivisions  of  the  main  dnol 
(alveoli)  held  together  by  connective  tissue.     The  lobes  and  lobules 
are  bound  together  by  areolar  tissue;  penetrating  between  the  lobes 
covering  the  general  surfiioe  of  the  cjland,  with  the  exception  of  thii 
nipple,  is   a  considerable   quantity  of  yellow  fat,  itself   lobulated 
sheaths  and  processes  of  tougli  areolar  tissue  (fig.  221)  connected 
with  the  skin  in  front  and  the  gland  behind;  the  same  bond  of  coo 
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ling  also  from  the  under  siirfuct^  of  the  gland  to  the  sheathing 
ive  tissue  of  the  greut  pt?etoml  innscle  on  wliii'li  it  lies.  Tlie 
a  ducts  of  the  gland >  fifteen  to  twenty  in  nnmber,  called  the  lactif- 
»  or  (laladophorous  ducts»  are  formed  by  the  noion  of  the  smaller 
BUr)  ducte,  and  open  hy  small  separate  oritiees  through  the  nipple. 
lie  points  of  junction  of  lobular  ducts  to  form  lactiferous  ducte,  and 
before  these  enter  the  base  of  the  nipple,  the  ducts  are  dilated  (fig* 


b 


\^.  91,— Dissect loD  of  tho  lower  half  of  tlit*  fr'irml^  uminma,  iltirlti^  the  p«?r»od  of  luetaHon. 
D  thie  ieft-hoQit  aide  of  tht*  disisiLH'tfMl  imrt  the  Kl^'kiii^iilAr  lobe^nirt''  ex]iu&iccl  itdd  piirtlaUy  un- 
bed :  &tMl  cm  tht^  ri^ht-haiul  iavW,  the  ghm^liilnr  subetimce  has  b««ii  r^moveil  to  Hhow  the 
J&r  kjt.ijli  of  thf  <o[iiiective  tisau**  in  uhith  thi' (^laDdul&r  lobulwi  ore  |»lac«>d:  1,  Upiter  part 
*  naamilla  or  nipnlf*:  'i.  arei^ta:  3,  miW'utn^^f'tius  tnaiaes  of  fat;  4^  rptieular  IrxniU  of  the 
s  Iteme  which  support  th*?  f^Iandiilar  HiibhtJinc*?  und  contain  ih&  fatty  iiiAS»esj  5,  one  of 
*luct»  AhowD  paj^inp  toward  the  mainilla  where tliey  open;  ft,  one  or  the  «lniia 
oir«:  7,  some  of  thv!  glandular  lobultm  wliich  liavt*  bueo  imra veiled  ;^  7%  otbera 
\T  (XiiMchka). 


1 1  and,  daring  lactation,  the  period  of  active  secretion  by  the  gland, 
dilatatioDB  form  ruser voire  for  the  milk,  which  collects  in  and  dis- 
|g  tbem.  The  walls  of  the  gland -ducts  are  formed  of  areolar  with  some 
Iriped  muscnlar  tissue,  and  are  lined  internally  by  short  columnar 
near  the  nipple  by  Rquamoiis  epithelium.  The  alveoli  consist  of  a 
Kkbrana  propria  of  fliittened  endothelial  cells  lined  by  low  columnar 
dielinm,  and  are  filled  with  fat  globules. 

The  nipple,  which  contains  the  terminations  of  the  lactiferona  dncts^ 
Bomposed  also  of  areolar  tissues  and  contains  unstrijied  muscular  fibres. 
M-Teaeels  are  also  freely  supplied  to  it,  so  as  to  give  it  a  species  of 
Wife  structure.     On  its  surface  are  very  aensitive  papiUse;  and  around 
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it  is  a  small  area  or  areola  of  pink  or  dark-tinted  skin,  on  which  aie  to 
bo  seen  small  projections  formed  by  minute  secreting  glands. 

Blood-vessels,  nerves,  and  lymphatics  are  plentifolly  supplied  to  tin 
mammary  glands;  the  calibre  of  the  blood-vessels,  as  well  as  the  siiedf 
the  glands,  varying  very  greatly  under  certain  conditions,  especiiOf 
those  of  pregnancy  and  lactation. 

The  alveoli  of  the  glands  during  the  secreting  periods  are  found  to  In  ^ 
lined  with  very  short  columnar  cells,  with  nuclei  situated  toward  the : 


Fig.  888.— Section  of  mammary  gland  of  bitch,  showing  acini,  Uned  with  eptttaelial  oeUftCi 
polyhedral  or  short  oolmnnar  form,    x  SOO.    (V.  D.  Harris.^ 

centre.  The  edges  of  the  cells  toward  the  lumen  may  be  irregular  and 
jagged,  and  the  remainder  of  the  alveolus  is  filled  up  with  the  materiak 
of  the  milk.  During  the  intervals  between  the  acts  of  discharge,  thfc 
cells  of  the  alveoli  elongate  toward  the  lumen,  their  nuclei  divide,  ant 
in  the  part  of  the  cells  toward  the  lumen  a  collection  of  oil  globules  anl 
probably  of  other  materials  takes  place. 

The  next  stage  is  that  the  cells  divide  and  the  part  of  each  toward  tin 
lumen  containing  a  nucleus  and  the  materials  of  the  secretion  is,  as  it 
were,  broken  off  from  the  outer  part  and  goes  to  form  the  solid  partol 
the  milk.  The  cells  also  secrete,  from  the  blood  supplied  to  them,  tkfl 
water,  salts,  and  probably  sugar.  In  addition  to  the  actual  casting  ofl 
parts  of  the  cells  containing  fat  and  the  other  materials,  oil  globaki 
appear  to  pass  out  from  the  cells  with  the  other  materials  into  the  lamai 
of  the  alveoli.  The  cast-off  parts  of  the  cells  disintegrate  or  break  dowiv 
undergoing  a  kind  of  solution  in  the  more  fluid  part  of  the  secretion. 

In  the  earlier  days  of  lactation,  epithelial  cells  partially  transfo] 
are  discharged  in  the  secretion :  these  are  termed  colostrum 
but  later  on  the  cells  are  completely  transformed  into  fat  before 
secretion  is  discharged. 

After  the  end  of  lactation,  the  mamma  gradually  returns  to  its  oi 
size  {involution).     The  acini,  in  the  early  stages  of  involution,  are 
with  cells  in  all  degrees  of  vacuolation.     As  involution  proceeds 
acini  diminish  considerably  in  size,  and  at  length,  instead  of  a 
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pC  lining  epithelial  cells  (twenty  to  thirty  in  each  acinus),  we  have  live 
»Tsii  nuclei  (some  with  no  surround ing  protophiem)  lying  in  an  irregu- 
iir  heap  within  the  acinus.  During  the  later  stages  of  involution,  large 
fdlow  granular  celfs  are  to  be  seen.  As  the  acini  diminish  in  size^  tlie 
connective  tissue  and  fatty  matter  between  them  increase,  aud  in  some 
animald,  when  the  gland  is  completely  inactive,  it  is  found  to  consist  of 
•  ihin  film  of  glandular  tissue  overlying  a  thick  cushion  of  fat.  Many 
of  the  products  of  waste  are  carried  off  by  the  lymphaties. 

Daring  pregnancy  tho  mammary  glands  undergo  changes  (evohdion) 
which  are  readily  oljscrvable.  They  enhirge,  become  harder  and  more 
distinctly  lohnlated :  the  veins  on  the  surface  become  njore  promment. 
The  areola  l>ecome8  enlarged  and  dusky,  with  projecting  papilla?;  the 
feipple  too  becomes  more  prominent,  and  milk  can  be  squeezed  from  the 
iriCoeB  of  the  ducts.  This  is  a  very  gradual  process,  which  commences 
fcbont  the  time  of  conception,  and  progresses  steadily  during  the  whole 
>eriod  of  gestation.  In  the  gland  itself  solid  columns  of  cells  bud  off 
Torn  the  old  alveoli  to  form  new  alveoli.  But  these  solid  columns  after 
\  while  are  converted  into  tubers  by  the  central  celle  becoming  fatty  and 
emg  discharged  as  the  colostrum  corpuscles  above  mentioned. 

Milk. 

The  mammary  secretion,  or  milk,  is  a  bluish-white,  opaque  ffuid  with 
it,  sweet  taste,  of  specific  gravity  of  102B-1034.     It  is  a  true 


Fir. 


I— OlobuJes  ftud  tnoleculea  of  cow's  mUk.     x  40n. 


bnlftion.  Under  the  microscope,  it  is  found  to  contain  a  number  of 
Dbnles  of  various  sizes  (fig.  223),  the  majority  about  y^riinr  t*^  ^^  "^^b 
25p)  in  diameter.  They  are  composed  of  oily  matter,  and  are  called 
ilk-ffiobulest  but  the  old  view  that  they  had  an  investing  membrauo  of 
buminons  material  is  now  generally  discarded.  Accompanying  these 
numerons  minute  particles,  both  oily  and  album  in  ons,  which  exhibit 
,TY  molecular  movements.     The  milk  which  is  secreted  in  the  first 
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few  days  after  partnrition  is  called  the  colostrum.  This  containi 
granular  colostrum  corpuscles,  which  are  four  or  five  times  the  sis 
milk  globules,  and  differs  from  ordinary  milk  in  containing  a  lai 
quantity  of  solid  matter,  and  in  being  deep  yellow,  less  sweet,  hot 
more  alkaline,  and  in  having  a  specific  gravity  of  1040-1046. 

Composition  of  Colostrum  (Pfeiflfer). 

Proteids 5.71 

Fat 2.04 

Sugar 8.74 

Salts 0.28 

Water 88.28 

100.00 
Chemical  Composition  of  Milk. — In  addition  to  the  oil  existing 
numberless  little  globules  floating  in  a  large  quantity  of  water,  ni 
contains  certain  proteids^  milk-sugar  (lactose),  and  several  varietia 
salts.  Its  percentage  composition  has  been  already  mentioned,  but  i 
be  here  repeated.     Its  reaction  is  slightly  alkaline. 

Chemical  CoMi»08moN  of  Milk.     (After  Foster,  Harrington,  et  al.) 

Human.       Cow.        Mare.        Bltcb. 

Water 87.30        87  90  76 

Solids 12.70        18  10  24 

Fats 4.00  4  2  10 

Proteids       .        .        .        .        •  1.50  4  2.5  10 

Sugar 7  4.8  6  8.5 

Salts 20  .7  .6  .5 

Constituents  of  Milk. 

(1.)  Water, — The  amount  of  water  varies  in  different  animals,! 
in  the  same  animal  from  time  to  time.  This  is  seen  from  the  vary 
specific  gravity;  that  of  cow's  milk,  on  the  average,  varies  from  1021 
1034  in  unskimmed  milk,  and  from  1033  to  1037  in  skimmed  m 
The  amount  secreted  by  a  woman  is  from  10  to  16  oz.  at  the  end  of 
first  week  of  lactation,  and  increases  to  from  30  to  40  oz.  by  the  eig 
or  ninth  month.  A  cow  under  favorable  circumstances  secretes  at  1( 
ten  pints  a  day. 

(2.)  Proteids, — These  are  of  two  kinds  at  least,  viz.,  caseinogen 
lact-albumin,  Caseinogen  may  be  obtained  from  milk  either  by 
addition  of  an  acid,  e.g,^  acetic,  or  by  saturation  with  crystallized  n 
nesium  sulphate  or  sodium  chloride  in  the  way  already  indicated 
119).  Caseinogen,  as  already  pointed  out,  belongs  to  the  clas 
nucleo-albumins  (see  p.  119). 

Coagulation  of  Milk, — The  clotting  of  caseinogen  is  seen  when 
gastric  ferment  rennin,  or  when  similar  ferments  from  the  pancrea 
intestinal  juice  are  added  to  milk;  it  will  take  place  when  the  mil 
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il  or  alkaline.  By  the  clottitig,  caaeinogen  is  converted  into  a 
wngtilated  protcidj  emeiny  and  a  iiroteid  residtie  called  whey-proteid. 
Ttrnm  carries  down  ivith  it  the  fat,  and  the  two  materials  form  cbeeee. 

kiiD  the  case  of  blood,  coagulation  cannot  occur  except  in  the  presence 
of  c&lcium  salts.  When  caseinogen  is  acted  on  by  rennin,  it  ia  split  by 
hjdrolytic  cleavage  into  two  parta^  paracasein  and  whey-proteid.  Para- 
Quein  combines  with  the  calcinm  salts  to  form  the  insoluble  compound 
eaaeln;  the  whej-proteid  remaina  behind  in  solution  in  the  whey*  By 
reference  to  the  coagulation  of  the  blood,  the  similarity  of  the  two  proc- 
enea  will  be  seen.     Caseinogen  is  also  precipitated  from  milk  in  the 

weenc©  of  an  excess  of  acid.     When  milk  curdles  after  "souring/^  it  ia 

tto  the  formation  of  lactic  acid   from    the   milk-sugar   by   micro- 
nisms. 
Lact-albumin  differs  in  gome  of  its  reactions  from  serum-albumin  (p. 

M);  it  coagulates  when  milk  ia  boiled,  but  this  scum  is  also  partly  due 
the  drying  up  of  the  caseinogen  on  the  surface  of  the  milk, 
LarioghbuUn^  another  proteid  of  milk,  is  similar  to  the  paraglobulin 

tthe  blood. 

(3.)   /)t/s.— The  fats  of  milk  are  those  usually  found  in  animal  tis- 

leg^  viz.^  oleiu,  stearin^  and  ptihuatin  (p.  122).     There  are  also  others, 

ipecially  that  of  butyric  acid  in  combination  with  glycerin.     Lecithin 

id  cbolesterin  and  a  lipochrome  may  ako  be  j^resent.     The  fat,  split 
into  minute  particles,  which  are  ligliter  than   the  remainder  of  the 

mstitoents,  rises  to  the  surface  when  the  milk  stands,  forming  cream; 

id  cream,  when  its  fatty  molecules  have  run  together,  forms  butter, 
(4.)  LnetQse, — This  sugar,  the  reactions  of  which  are  mentioned  at 
124,  is  apt  to  undergo  lactic-acid  fermentation  if  the  milk  be  exposed 
lb©  Jiir,  from  the  action  of  the  organized   ferment,    the  bacterium 

CUs*     When    this  occurs   milk    becomes   sour   and  the  caseinogen   is 

trown  down. 
(5.)  Salts, — The  chief  salt  of  milk  is  calcium  phosphate.      Without 
presience    cnseinogen    cannot   form   casein*      The  gases  are   carl>on 

oxide  and  nitrogen. 


Salts  in  Womaj«*8  Mjlic  (Rotcb). 


Calcnim  phosphate 
Calcium  silloite 
Ciilcium  siilpliate  , 
Oili-ium  i-ar))tiiiate 
Ma>:iu'9ium  ctirlxinftte    , 
PotJiHsiurn  ctirhujidtL"  . 
Potassium  fiulpliHtf" 
Potiisahim  clilcjride 
Sodium  eliJoriJi^ 
Irou  oxide  ami  alumina 


23.87 
1.27 
2.25 
2,85 
3.77 

23.47 
8,88 

12.05 

21.77 
0,87 

KMJ.OO 
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The  Ductless  Glands 
AND  Internal  Secrktions. 

The  discoYery  of  the  remarkable  and  sometimes  fatal  effects  of  th 
removal  of  certain  of  the  ductless  glands  has  given  a  marked  impetnit 
the  study  of  these  organs,  so  that  at  the  present  time  they  occupy  a  plae 
of  importance  in  physiology  formerly  unthought  of.  The  convene  et 
fects  of  removing  certain  of  these  glands  and  of  injections  of  extnuii 
(aqueous  and  others)  of  them  into  healthy  animals  or  those  operated  upon 
have  led  to  the  belief  that  they  elaborate  in  the  course  of  their  metaboKt 
activity  some  substance  or  substances  which  are  of  use  to  the  body 
Since  the  parenchyma  cells  of  these  glands  belong  morphologically  ti 
the  secretory  type,  and  since  active  constituents  may  be  extracted  fm 
the  glands,  it  is  assumed  that  they  produce  a  secretion.  But  this  seen 
tion,  whatever  its  quantity  may  be,  passes  either  into  the  blood  stren 
directly  (supra-renal)  or  indirectly  by  way  of  the  lymphatics  (thyroid) 
instead  of  discharging  through  a  duct  upon  a  free  surface,  as  in  th 
case  of  the  salivary  glands  and  others.  Hence  the  term  internal  secreim 
has  come  into  popular  use  by  way  of  distinction. 

It  must  be  borne  in  mind,  however,  that  both  anabolic  and  katabolii 
products  are  formed  by  all  tissues  and  are  absorbed  to  a  greater  or  lei 
extent  into  the  circulation.  But  the  term  internal  secretion  does  noi 
dpply  to  these.  It  is  confined  to  such  products  as  are  formed  by  organ 
of  a  distinctly  glandular  type. 

The  glands  which  are  known  certainly  to  form  internal  secretions  in 
the  thyroid,  the  supra-renal  capsules,  the  pancreas,  and  possibly  the  pite 
itary  body.  And  IIowcll  has  called  attention  to  the  fact  that  to  bl 
cousisteut  tbo  glycogen  formed  by  the  liver  from  dextrose  (and  proteidj 
should  bo  regarded  as  an  internal  secretion.  Thus  the  liver  forms  bl^ 
an  internal  and  external  secretion,  as  in  the  ease  of  the  pancreas. 

The  spleen  has  been  included  in  this  chapter  for  convenience.  II 
has  not  been  proved  to  form  an  internal  secretion. 

The  Thyroid. — The  thyroid  gland  is  situated  in  the  neck.     It  OQ^ 
sists  of  two  lobes,  one  on  each  side  of  the  trachea,  extending  upward  t^ 
the  thyroid  cartilage,  covering  its  inferior  cornu  and  part  of  its 
these  lobes  are  connected  across  the  middle  line  by  a  middle  lobe  I 
isthmus.     The  thyroid  is  covered  by  the  muscles  of  the  neck.    It  I 
highly  vascular,  and  varies  in  size  in  different  individuals. 

Structures, — The  gland  is  encased  in  a  thin  transparent  layer  of  des 
areolar  tissue,  free  from  fat,  containing  elastic  fibres.    This  capsule  e 
in  strong  fibrous  trabccula?,  which  inclose  the  thyroid  vesicles — which  1 
rounded  or  oblong  irregular  sacs,  consisting  of  a  wall  of  thin  hya 
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LjDetDbrane  liDed  by  a  single  layer  of  short  cylindrical  or  cubical  cells. 
[These  vesicles  are  filled  with  traDsparetit  nucleo-albuminouB  colloid 
material.  The  colloid  subs  tan  ce  iu  creases  with  age,  and  the  cavities 
I  appear  to  coalesce.  In  the  interstitial  connective  tissue  is  a  round 
hmeabed  capillary  plexus,  and  a  large  number  of  lymphaticB.  The  nerves 
[adhere  closely  to  the  vessels. 


|jr|^  m.— Put  of  A  section  of  thft  hriman  thyroid ,    a,  Fibrmw  capsule ;  b,  thyroid  vflsJclei  flUed 
.  *,  coUoldeolistaiice;  r.  »up|>ortloK  nhrouR  tissue ;  rf,  nhortci^fiiTTiiiarcelli  liolnpf  vealcie«; /, 
w:  o,  T«|]i8  flJIed  wtth  bl^nxl-  /»,  Ivrnphatfc  vessel  (Ulwl  with  colloid  Bubntance,     X  (8.  K. 


In  the  vesicles  there  are  in  addition  to  tliD  yellowish  glassy  colloid 
rial,  epithelium  celk,  colorless  blood -corpuscles,   and  also  colored 

puacles  undergoing  disintegration. 

Accessory  Thyroids,— Them  are  small  bodies  possessing  the  structure 
'  the  thyroid  and  apparently  performing  the  same  function.     They  are 

od  io  the  neck  nud  in  the  mediastinum  as  far  as  the  heart.     Tho  ac- 

^ry  thyroids  undergo  hypertrophy  wlien  the  thyroid  has  been  removed. 

Parathyroids. — In  addition  to  tho  accessory  thyroidsj  parathyroids 
I  foDnd  in  the  neck,  lying  behind  or  to  the  side  of  the  thyroidj  or 
M  within  iu  substjuice  (in  the  rat).  They  are  small  bodies,  differing 
%m  the  thyroid  in  structure  in  that  they  consist  of  solid  columns  of 
not  of  acini;  yet  they  seem  capable  of  performing  tho  function  of 
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the  thyroid  when  that  body  is  removed.  They  freqnentlj  exist  ii 
pairs,  but  there  may  be  more  than  two,  lying  along  the  carotid  in  th 
region  of  the  thyroid.     The  parathyroids  are  thought  to  be  immainn 

thyroids. 

Functions  of  the  Hiyroid, — The  colloid  material  which  is  formal 
within  the  thyroid  Tesicles,  and  is  believed  to  be  their  secretion,  finallj 
ruptures  through  their  walls  into  the  lymph  channels  and  thus  gains  en- 
trance to  the  circulation.  The  secretion  of  the  thyroid  falls  into  'the 
class  known  as  internal  secretions,  and  exerts  a  profound  influence  npoB 
the  metabolic  processes  of  the  body,  probably  through  the  agency  of  tht 
central  nervous  system.  Complete  extirpation  of  the  thyroid,  at  least  iai 
some  animals,  produces  death,  preceded  by  a  group  of  characteristii 
symptoms.  In  man  and  the  monkey,  the  symptoms  after  removal  coBii| 
on  slowly  and  resemble  the  disease  known  in  man  as  myxofdema.  < 

This  disease  is  known  definitely  to  be  due  to  disease  of  the  fhyrdd,; 
whereby  its  function  is  interfered  with.  Moreover,  if  a  piece  of  thyroi^ 
of  sufficient  size  be  grafted  into  an  animal  from  which  the  glands  hafi 
been  removed,  and  the  graft  takes,  the  symptoms  of  thyroid  removal  Hi 
lessoned  in  intensity  or  disappear  altogether.  And,  likewise,  thyroii 
feeding  or  the  administration  of  thyroid  extracts  relieves  the  symptons 
of  the  disease  myxoodema. 

The  above  facts  show  that  the  thyroid  gland  must  perform  some  inn 
portant  function  in  the  animal  economy,  and  it  is  believed  that  this  ii 
accomplished  by  virtue  of  its  internal  secretion.  The  colloid  materid 
of  the  gland  has  been  submitted  to  much  chemical  study,  and  a  substanof 
called  iodothyrin  has  been  isolated  as  its  active  principle.  Baumannanl 
Eoos  state  that  iodothyrin  exists  in  the  gland  in  combination  with  pro* 
teid  bodies.  Iodothyrin  relieves  the  symptoms  of  thyroid  removal  mnoK 
to  the  same  extent  as  thyroid  feeding.  It  is  a  very  resistant  substanoe^' 
and  is  not  injured  by  the  action  of  the  gastric  juice  or  by  boiling  witii 
10  per  cent  sulphuric  acid  for  a  long  time. 

The  Supra-renal  Capsules  or  Adrenals. — These  are  two  flat- 
tened, more  or  less  trianguhir  or  cooked-hat  shaped  bodies,  resting  b^ 
their  lower  border  upon  the  upper  border  of  the  kidneys. 

Structure. — The  gland  is  surrounded  by  an  outer  sheath  of  connectivi| 
tissue,  which  sometimes  consists  of  two  layers,  sending  in  exceeding 
fine    prolongations  forming  the  framework  of  the  gland.      The  gls 
tissue  proper  consists  of  an  outside  firmer  cortical  portion,  and  an  in 
soft  dark  medullary  portion. 

The  finer  structure  of  the  supra- renal  capsules  is  incompletely  knoi 

(1.)  The  cortical  portion  is  divided  into  (fig.  225)  an  external  na 
layer  of  small  rounded  or  oval  spaces,  the  zona  glonierulosa,  made  by  t 
fibrous  trabeculas,  containing  polyhedral  cells  (J).     The  second  layer  ^ 
cells  is  arranged  in  columns  radiating  from  the  medulla,  the  zona  feu 
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\ulaia  (c),  and  separated  from  each  other  by  fibrous  septa.  The  iliird 
[kyer,  that  next  the  medulla,  is  called  from  its  arrangenient  the  zona 
[fttwtlaru  (not  shown  in  fig.  225).  The  individual  cells  are  polyhedral 
.shape,  each  possessing  a  well-defined  nucleus.  In  man  the  proto- 
of  the  colls  is  especially  rich  in  fat  globules,  and  oftentimes  con- 
in  addition  larger  or  emaller  granules  of  a  yellowish  pigment.  The 
i-Te«els  are  confined  to  the  septa,  and  do  not  penetrate  into  the  cell 
p«. 
»  (2.)  The  medullary  sitbsiance  consists  of  a  coarse  rounded  or  irregular 
^work  of  fibrous  tissue,  in  the  alveoli  of  which  are  musses  of  niulti- 
deated  protoplasm  (lig.  226);  numerous  blood-veaselB;  and  an  abun- 
bce  of  nervous  elements.  The  celk  are  very  irregular  in  shape  and 
poor  in  fat,  and  occasionally  branched;  the  nerves  run  through  the 
ical  substance,  and  anastomose  over  the  medullary  portion. 
A'erVBS, — The  adrenals  are  very  abundantly  supplied  with  nerves, 
By  composed  of  medullated  fibres.  These  fibres  are  derived  from 
•olar  and  renal  plexuses,  vagi  and  phrenics.  Islerve-cella  are  also 
Derons  in  connection  with  these  fibres.  The  fibres  enter  the  hilum  of 
iglaDd,  but  the  method  of  their  termination  ia  unknown* 
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Sir^ Vertical  section  throy^I^  part  of  the  cortic«l  portion  of  etiiprs-renal  of  inilD^&'plir- 
fit-;  b.  xoDa^lomeruloea;  c,  ztina  foacicul&ta;  d,  connactli^e  tissue  supportiZL^tbo  eolumiu 
t  eells  orf  the  latter,  and  also  IndJcatiaK  the  posltiotia  of  the  blood-TefiBoli,    x   Co.  K.  Alcock.) 

Coniposition, — In  addition  to  the  ordinary  extractives^  benzoio  acid, 

loric  acid,  and  taurin  have  been  found,  riud  also  ioosite,  as  well  as  a 

[Jiar  pigmentary  substance,  soluble  in  water,  becomiug  red  on  ex- 
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poBure  to  light,  and  giving  with  ferric  chloride  a  green  or  blue  q 
H{Eiiiochromog€ii  has  been  found  by  McMunn,  ^enrin,  appan 
from  the  nervoua  eknientfi^  has  also  been  shown, 

I-uHciion.— 'Though  formerly  nnknowD,  a  TAst  amount  of  ligU 
been  thrown  upon  the  function  of  the  fiupra-renal  capsules  within  thi 
few  years  by  tho  researches  of  Scliafer  and  Oliver,  Zyboulski,  Abelj 
others.  Brown-S^quard^  it  is  true»  showed  by  experiment  aa  etil 
1850  that  removal  of  the  Kupni-renal  capsules  is  followed  by  the  ddttt 
the  animal,  but  liis  experiments  iver©  repeated  by  others  who  did 
obtain  tbo  f^amo  reeulta;  and  it  was  concluded  that  tho  eupra-renal 
Bules  had  no  function,  or  at  least  that  their  functiun  was  not  kii^ 
Death  was  preceded  in  the  caeeof  Brown-S^uard^s  animals  by  Bjing| 


3^v. 


Tig*  WS. — Bectlnn  thrrnij^:h  a  portioti  of  th**  mecliiUary  part  of  tlie  simra-rwial  of  gniui 
The  veivetB  »re  vory  numeroiiH,  and  th©  flbrouB  stroma  more  di»tinet  ttwin  in  tiw  coitei:.  i 
moreoFpT  petlmilatea.  The  veUn  are  Irregtilar  and  larger,  clean,  and  tree  from  oil  globult 
(S.  K.  Aleix'k.; 

somewhat  analogous  to  those  of  the  disease  of  man  known  as  Addi^ 
disease.  The  failures  to  produce  symptoms  after  attempted  remofi 
the  glands  have  probably  resulted  from  incomplete  removal  or  thej 
ence  of  acceaaory  bodies.  Accessory  supra-renal  capsnles  are  comii 
present  in  sonio  animals  and  are  Bonietimea  found  in  man.  Furth^ 
one  gland  is  removed,  the  other  hypertrophies.  The  experiments f 
recent  observers  confirm  the  original  experimentB  of  Brown-SA}^ 
The  presence  of  tlio  supra- renal  capsules  is  essential  to  life.  Thai 
supra-renal  capsules  are  proved  to  have  a  very  important  functionj 
they  perform  this  function  through  the  agency  of  an  internal  BtcrM 
Schafer  and  Oliver  found  that  injections  of  supra-renal  extracil 
duced  marked  effects  upon  the  muscular  layer  of  the  arteries,  the* 
cular  tissue  of  the  heart,  and  the  skeletal  mnscles*  The  muscular  1 
of  the  arteries  is  markedly  contracted,  cansing  a  rise  of  blood-pre^ 


keu  the  heart  is  freed  from  nervous  control  ita  contractioua  are  in- 
used  both  in  force  and  fre{|nency,  stUl  further  raising  blood-pressure. 
m  COD  traction  of  the  skeletal  muscles  in  response  to  a  a  ingle  stimnlus 
tnticb  prolonged. 

Yery  email  doges  of  snpra-renal  extract  aro  suffieient  to  produce 
aktd  effects.  Thus  Schafer  states  that  lees  tbau  Triinr  gi^aname  {jl^ 
iin)  of  the  desiccated  gland  is  sufficient  to  produce  an  effect  upon  the 
and  arteries  of  in  adult  man. 

ie  a  curious  fact  that  only  extracts  of  the  medullary  poriian  of  the 
are  actiTe. 
Abel  has  aticceeded  in  separating  the  blood -pressure-raising  constitu- 
of  the  extract}  and  calls  it  epinephrin.     By  nature  it  is  related  to 
alkaloid  group. 

DestfDction  of  the  supra-renal  capsules  through  diaeasa  in  man  re- 
ilis  in  the  production  of  a  group  of  sjuiptoma  known  as  Addison's  dis- 
The  administration  of  supra-renal  extract  to  these  cuses  sometimes 
ilta  beneficially,  but  not  so  uniformly  aa  thyroid  feeding  does  in  myx- 
IIDB*     Yet  Langlois  states  that  if  one-sixth  of  tlie  supra-renal  capsule 
weight  be  left  in  the  dog,  the  animal  survives  the  operation  of  re- 
al 

On  the  whole,  the  assumption  that  the  supra- renal  capsules  produce 
internal  secretion  which  is  essential  to  life  is  warranted. 
The  Pituitary  Body.-— This  body  is  a  email  red  dish -gray  masis, 
ing  the  sella  turcica  of  the  sphenoid  bone. 
rttcture. — It  consists  of  two  lobes — a  small  posterior  one,  consist- 
of  nervous  tissue;  an  anterior  larger  one,  resembling  the  thyroid  in 
re.  A  ^canal  lined  with  flattened  or  with  ciliated  epithelium 
through  the  anterior  lobe;  it  is  connected  with  the  infundib- 
The  gland  spaces  aro  oval,  nearly  round  at  t!ie  periphery, 
leal  toward  tlje  centre  of  the  organ ;  they  are  filled  with  nucleated 
of  various  sizes  and  shapes  not  unlike  ganglion  cells,  collec^ted  to- 
icr  into  rounded  massea,  filling  the  vesicles,  and  contained  in  a  semi- 
granular  substance.  The  vesicles  are  inclosed  by  connective  tissue 
in  capillaries. 
Funciian. — The  function  of  the  pituitary  body  has  not  yet  been  es- 
Some  obaervers  have  found  that  its  removal  causes  death, 
led  by  symptoms  resembling  those  of  thyroid  removal.  Hence  it 
aoppoaed  that  the  pituitary  body  has  a  function  identical  with 
tnalogous  to  that  of  the  thyroid.  On  the  other  hand,  tumors  or 
disease  of  the  pituitary  body  have  been  found  after  death  in  asso- 
liofii  with  a  disease  known  as  acromegaly,  in  which  the  bones  and  soft 
undergo  great  hypertrophy.  In  this  connection  it  must  be  remem- 
that  the  two  lobes  of  the  pituitary  body  are  morphologically  and 
ilicyologioally  diitinct. 
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Internal  Secretion  of  the  Pancreas. 

MiDkowski  and  vou  Mering  have  shown  that  total  extirpation  of  fti' 
pancreas  is  followed  in  all  cases  in  the  course  of  a  few  honrs  by  the  if* 
pearance  of  sugar  in  the  urine.  The  amount  of  sugar  which  appean 
considerable — fron?  5-10  per  cent.  This  experimental  diaeaae  (di 
mellitus)  is  accompanied  by  an  increase  in  the  quantity  of  nrine  and 
abnormal  thirst  and  appetite,  and  proves  fatal  in  15  days  orles 
results  are  obtained  only  when  the  entire  gland  or  more  than  niqe-tenl 
of  it  have  been  removed.  If  one-tenth  of  the  gland  be  left  behi 
sugar  appears  in  the  urine  when  carbohydrates  are  eaten,  bat  not 
wise.  Nor  is  it  necessary  that  the  remaining  portion  of  the  gland  bo 
its  normal  situation.  Successful  grafts  under  the  skin  of  the  «l 
or  elsewhere  will  prevent  the  appearance  of  sugar  in  the  urine  and 
other  symptoms.  If,  however,  the  graft  be  subsequently  removed, 
sugar  in  the  urine  and  the  other  symptoms  reappear,  and  the  e: 
mental  disease  proceeds  to  a  rapidly  fatal  issue. 

The  symptoms  produced  by  total  extirpation  of  the  pancreas  do mt 
depend  upon  the  loss  of  the  pancreatic  juice  proper  to  the  organinL 
This  secretion  may  be  diverted  from  the  intestine  through  a  pancreitil 
fistula  without  the  production  of  diabetes.  Moreover,  HMon  and  Thiro* 
loix  have  rendered  the  acini  of  the  gland  functionally  inactive,  andnl^ 
timately  destroyed  tliem,  by  the  injection  of  parafifin  or  other  substanon 
into  the  duct  of  AVirsung,  without  the  supervention  of  diabetes.  Tbea 
experiments  have  led  to  tlie  conviction  that  the  little  groups  of  epithelial* 
like  cells  situated  in  the  connective-tissue  stroma  of  the  pancreas  secieli 
something  which  is  absorbed  into  the  circulation  and  constitutes  ill 
internal  secretion.  Lepine  and  Boulud  have  recently  extracted  from  thi 
urine  of  patients  suffering  from  diabetes  or  pneumonia  a  crystalline  sob^ 
stance  which  produces  glycosuria  when  injected  under  the  skin  or  inti 
the  jugular  vein  of  animals.  This  substance  loses  its  power  if  passed  il 
the  blood  through  the  vessels  of  a  living  pancreas.  They  condadty 
therefore,  that  the  pancreas,  possibly  through  its  internal  secretion,  hH 
an  antitoxic  function  and  favors  glycolysis  in  the  tissues  by  destroyi^l 
the  substance  which  inhibits  the  conversion  of  glucose  into  glycogen  d 
fat. 

Internal  Secretion  of  the  Liver. 

This  subject  will  be  considered  at  length  when  we  come  to  study  I 
formation  of  glycogen  (see  j).  435). 

The  Spleen  is  the  largest  of  these  so-called  vascular  glands;  itj 
situated  to  the  left  of  the  stomach,  between  it  and  the  diaphragm. 


deep  red  color,  of  a  varuiblo  shape,  generally  oval,  eoraewbat 
ro-convei.     Vessels  enter  anJ  leave  tlje  gland  at  the  inner  side  or 
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lire, — The  Bpleen  is  covered  externally  almost  cenipletely  by  a 
l-^Kmt  derived  from  the  peritoneum,  while  witliin  this  is  the  proper 
^Boat  or  capsule  of  the  organ.  The  latter,  composed  of  connective 
^With  a  large  preponderance  of  elastic  fibres,  and  a  certain  propor- 
>f  unstriated  muscular  tissue,  forms  the  immediate  inveBtment  of 
pleen*  Prolonged  from  its  inner  surface  are  fibrouB  processes  or 
mlis,  containing  much  uugtriated  muscle,  which  enter  the  Interior 
I  organ,  and,  dividing  and  anastomosing  in  all  parts>  form  a  kind 
pporting  framework  or  drmna^  in  the  interstices  of  which  the 
r  fflibstanee  of  the  spleen  {sphen-puJp)  is  contained  (fig.  228).  At 
ilna  of  the  spleen,  the  blood-vessels,  nerves,  and  lymphatics  enter, 
bo  fibrous  coat  is  prolonged  into  the  spleen-substance  in  the  form 
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\mX\  rotiDii  tlia  U«b«culi»,  which  oorrii^poudii  to  tlie  "Ijinpti  pat^"*  ia  lymfiriatLo 


sting  sheaths  for  the  arteries  and  veins,  which  sheaths  again  are 
ions  i?f ith  the  trabeculas  before  referred  to. 
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Mall  has  recently  described  the  spleiBn  as  oonsistiiig  of  lobalaii 
formed  by  the  trabeculsB  and  contained  masses  of  spleen-pulp. 

The  spleen-pulpy  which  is  of  a  dark  red  or  reddish-brown  color,  ii 
composed  chiefly  of  cells,  imbedded  in  a  matrix  of  fibres  formed  of  ilia: 
branching  of  large  flattened  nucleated  endothelioid  cells.  The  spaces  oC 
the  network  only  partially  occupied  by  cells  form  a  freely  commnnicafc* ' 
ing  system.  Of  the  cells  some  are  granular  corpuscles  resembling  the. I 
lymph-corpuscles,  more  or  less  connected  with  the  cells  of  the  meshworkt  I 
both  in  general  appearance  and  in  being  able  to  perform  amcBboid^ 


Fig.  898.— Reticalnm  of  thoipleen  of  a  ca^ihownb J  Injection  with  gelattna.    (Ctodlat.) 

movements;  others  are  red  blood-corpuscles  of  normal  appearance  or 
variously  changed ;  while  there  are  also  large  cells  containing  either  a 
pigment  allied  to  the  coloring  matter  of  the  blood,  or  rounded  corpuscles 
like  red  corpuscles. 

The  splenic  artery,  after  entering  the  spleen  by  its  concave  surface,  ; 
divides  and  subdivides,  with  but  little  anastomosis  between  its  branches;  j 
at  the  same  time  its  branches  are  sheathed  by  the  prolongations  of  the  \ 
fibrous  coat,  which  they,  so  to  speak,  carry  into  the  spleen  with  them.  | 
The  arteries  then  pass  into  the  spleen-pulp,  their  fibrous  coat  being  re-  \ 
placed  by  lymphoid  tissue,  and  end  in  capillaries,  which  commuDi-  \ 
cate  with  the  lacunar  spaces  in  the  spleen-pulp,  from  which  veins  arise.    \ 

The  walls  of  the  smaller  veins  are  more  or  less  incomplete,  and  read*  J 
ily  allow  lymphoid  corpuscles  to  be  swept  into  the  blood-current.    The  j 
blood  from  the  arterial  capillaries  is  emptied  into  a  system  of  interme* 
diate  passages,  which  are  directly  bounded  by  the  cells  and  fibres  of  the. 
network  of  the  pulp,  and  from  which  the  smallest  venous  radicles  wil 
cheir  cribriform  walls  take  origin.     The  veins  are  largo  and  distensible: 
vhe  whole  tissue  of  the  spleen  is  highly  vascular  and  becomes  readil 
engorged  with  blood:  the  amount  of  distention  is,  however,  limited 
the  fibrous  and  muscular  tissue  of  its  capsule  and  trabeculss,  which  i 
an  investment  and  support  for  the  pulpy  mass  within. 

On  the  face  of  a  section  of  the  spleen  can  be  usually  seen  readily 
the  naked  eye,  minute,  scattered  rounded  or  oval  whitish  spots,  m( 
from  -^  to  ^  inch  (f  to  |  mm.)  in  diameter.     These  are  the  Mi 
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jtscles  of  the  spleen,  and  are  situated  od  the  sheathe  of  the 
Die  splenic  arteries,  of  which,  ludeed,  they  may  he  said  to  he  out* 
rths  (fig.  229).  For  while  the  sheaths  of  the  larger  arteries  are  con- 
cted  of  ordinary  connective  tissue,  this  has  hecome  modified  where 
Inns  an  inyeatment  for  the  smaller  vessels,  so  as  to  he  composed  of 
loid  tissue,  with  abini dance  of  corpuscles,  like  lymph-corpuscleB, 
{ained  in  its  meshes,  and  the  Maipighian  corpuscles  are  but  small 
^owtbs  of  this  cytogenouA  or  cell- bearing  connective  tissue.  They 
imposed  of  cylindrical  masses  of  corpuscles,  intersected  in  all  parts 
I  delicate  fibrillar  tissue,  which,  though  it  invests  the  Maipighian 
tea,  does  not  form  a  complete  capsule.  Blood -capillaries  traverse  the 
pighiao  corpuscles  and  form  a  plexus  in  their  interior.     The  struc- 


^^. 


'  b 


i#w«d  of  spleen  of  cat.     a.  a\  Malpl|;hlaii  corpusclea^  \n  caae  of  a\  in  coimectioi] 
with  miidl  Artery,  b;  ft,  5%  umaXX  arteries;  c,\  »e>ction  of  trabecules. 

\  Maipighian  corpuscle  of  the  spleen  is,  therefore,  very  aimilar  to 
lymphatic-gland  substance. 
(ions, — With  respect  to  the  oflBco  of  the  spleen,  we  have  the  fol- 
kg  data:  (L)  The  large  sizo  which   it  gradually  acquires  toward 

fciQatio^  of  the  digestive  process,  and  the  great  increase  observed 
lid  period  in  the  amount  of  the  finely-graoular  albuminous 
itbin  its  parenchyma,  and  the  subsequent  gradual  decrease  of 
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this  material,  seem  to  indicate  that  this  organ  is  concerned  instoriD|ip 
some  of  the  changed  and  absorbed  proteid  food,  to  be  gradually  iotHi 
duced  into  the  blood  according  to  the  demands  of  the  general  systan.  J 

(2.)  It  seems  probable  that  the  spleen,  like  the  lymphatic  glsndi,! 
engaged  in  the  formation  of  hlood-corpuscles.  For  it  ia  qnite  oen 
that  the  blood  of  the  splenic  vein  contains  an  unusually  large  amoanifj 
white  corpuscles;  and  in  the  disease  termed  leucooythaemia,  in  wbidj 
the  pale  corpuscles  of  the  blood  are  remarkably  increased  in  nom]«| 
there  is  almost  always  found  an  hypertrophied  state  of  the  spleen  ord 
the  lymphatic  glands.  In  K5lliker's  opinion,  the  development  of  odJ 
less  and  also  colored  corpuscles  of  the  blood  is  one  of  the  essential  fnao! 
tions  of  the  spleen,  into  the  veins  of  which  the  new-formed  oorpnsol^ 
pass,  and  are  thus  conveyed  into  the  general  current  of  the  drcnlation. 

(3. )  Tlie  formation  of  red  corpuscles.  The  spleen  is  concerned  in  th| 
formation  of  red  corpuscles  during  foetal  life  and  shortly  after  birth,  m 
in  some  animals  during  their  whole  existence.  For,  if  the  qden  h 
removed  from  such  animals,  the  red  marrow  undergoes  hypertroM 
Moreover,  in  these  animals  the  cells  previously  described  aa  hsematoUi 
may  be  found  in  the  spleen. 

It  was  formerly  believed  that  the  spleen  exercised  the  function  o(l 
stroying  red  corpuscles  that  had  lived  out  their  allotted  time.  The<ri 
deuce  of  this,  however,  is  not  convincing,  and  the  theory  has  beM 
practically  abandoned.  It  rested  chiefly  upon  the  fact  that  large  m* 
cleated  cells  were  found  in  the  spleen,  with  whole  or  partially  disinftl 
grated  red  cells  in  their  interior.  But  the  phenomenon  is  probably i 
post-mortem  occurrence.  When  the  circulation  ceases,  the  red  cefli 
come  to  rest,  and,  lying  alongside  these  large  cells,  are  probably  tbtf 
ingested. 

(4.)  From  the  almost  constant  presence  of  uric  acid,  in  larger  qui 
titles  than  in  other  organs,  us  well  as  of  the  nitrogenous  bodies,  xantUl 
hypoxauthin,  and  leucin,  in  the  spleen,  some  special  nitrogenous  wm 
txAism  may  be  fairly  inferred  to  occur  in  it.  One  of  the  features  of  ti^ 
chemical  composition  of  the  spleen  is  the  presence  of  a  special  proteic 
of  the  nature  of  alkali-albumin,  containing  iron.  The  salts  of  tl 
spleen  consist  chiefly  of  sodium  phosphates. 

(5.)  Besides  these,  its  supposed  direct  offices,  the  spleen  is  believedj 
fulfil  some  purj)ose  in  regard  to  the  portal  circulation,  with  which  it] 
in  close  connection.  From  the  readiness  with  which  it  admits  of  bail 
distended,  and  from  the  fact  that  it  is  generally  small  while  gaat^ 
digestion  is  going  on,  and  enlarges  when  that  act  is  concluded,  it  is  aq 
posed  to  act  as  a  kind  of  vascular  reservoir,  or  diverticulum  to  the  port 
system,  or  more  particularly  to  the  vessels  of  the  stomach.  That  it  ilf 
serve  such  a  purpose  is  also  made  probable  by  the  enlargement  which 
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ID  certain  affections  of  the  lieart  tuul  liver,  attended  with  ob- 
ffctioD  to  the  passage  of  blood  through  the  latter  organ,  and  by  its 
^tuition  when  the  congestion  of  the  portal  sjBtem  ia  relieved  by 
barges  from  the  bowels,  or  by  the  elTusion  of  blood  into  the  stomacli, 
I  mechanical  influence  on  t!ie  circulation,  however,  can  hardly  be 
Hbd  to  be  more  than  a  very  Bubordioate  function. 
Be  spleen  may  be  removed  without  any  obvious  ill  effect. 
mfiuence  of  ike  Nervofis  Si/dem  upon  ike  iS/*?r<?/i,— When  the  spleen  is 
5ged  after  diijestion,  its  onJargcnient  is  probably  due  to  two  causes, 

ition  of  the  muscular  tissue  which  forms  so  large  a  part  of 


r^    


Fl^.  230, 


Fiif.  aJt 


-IVanSTcsrse  aectionof  alohule  of  ui  inJiMTCed  loftuitUi^  liivmu^  jpltiml.    a^  Capaute 

aue  euJToutidlDfp  tht*  lobule;  \  mtimbrane  of  the  ^liincluliu-  veHifk**;  t\  favfty  i>f 

wlilcli  tbe  larger  blf>ixl've«ae'1s«re  seen  to  extend  u>ward  and   ramify   in  the 

f  The  lobule,     y  m,     (Kmiiker.) 

Bi  1-  of  o  cttlf.      «,  L'ortex  of  foUk'le;   6,  medulla;    c,  interfolHcular  tissue, 

ve  tLm«ffl.     CWatney,; 

nework;  (2)  a  dilatation  of  the  vcbscIs*  lioth  these  phenomena 
Umibttcss  under  control  of  the  ncrvmis  system.  It  has  been  found 
^jierimeut  that  when  the  splenic  nerves  are  cut  the  spleen  enlarges, 
tlmt  contraction  can  l»e  brought  aV>out  (1)  by  stiniuhition  of  t!ie 
^  cord  (or  of  the  divided  nerves);  {^)  rellexly  by  stimulation  of  the 
bat  stumps  of  certain  divided  nerves,  f*,//.,  vagus  and  sciatic;  (3)  by 
itticDulation  by  an  electric  current;  (4)  (he  eidiihiihn  of  quinine  and 
iniker  drugs.  It  has  been  shown  by  tlie  oiu"i>incter  of  Hoy  (fig.  BU7), 
[fbe  spleen  undergoes  rhythmical  contractions  and  dilatations,  due 
llMibt  to  tlie  contraction  and  relaxation  of  the  muscular  tissue  in  its 
lole  and  trabecula?.  It  also  shows  the  rhylliniical  alteration  of  the 
blood  pre-ssnre,  but  to  a  leas  extent  tliau  the  kidney. 
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The  Thymus. — Thii  gland  mast  be  looked  upon  as  a  temporar 
organ,  aa  it  attaina  ita  greateat  aize  early  after  birth,  and  after  th 
second  year  gradually  diminishes,  until  in  adult  life  hardly  a  Jmiig 
remains.  At  its  greatest  development  it  is  a  long,  narrow  body,  sitnatai 
in  the  front  of  the  chest  behind  the  sternum  and  partly  in  the  lower  pal 
of  the  neck.     It  is  of  a  reddish  or  grayish  color,  distinctly  lobulated. 

Structure. — The  gland  is  surrounded  by  a  fibrous  capsule,  which  send; 
in  processes,  forming  trabeculse,  which  divide  the  glands  into  lobes,  aai 
carry  the  blood  and  lymph-vessels.  The  large  trabecuhe  branch  int^ 
small  ones,  which  divide  the  lobes  into  lobules.     The  lobules  are  fartki^ 


Fig.  m.  Fig. 

Fig.  988i- From  a  horizontal  section  through  8uj)erflcial  part  ofthe  UiTmua  of  a  calf,  i 


magnified.    Showing  in  the  centre  a  follicle  of  polygonal  shape  with  similarly  i 
round  it.     (Klein  and  Noble  Smith.) 

Fig.  888.— The  reticulum  of  the  Thymus,    a.  Epithelial  elements;  6,  oorpuacles of  1 
(Cadiat.) 

subdivided  into  follicles  by  fine  connective  tissue.  A  follicle  (fig. ! 
is  seen  on  section  to  bo  more  or  less  polyhedral  in  shape,  and  consisU^ 
cortical  and  medullary  portions,  both  of  which  are  composed  of  ade 
tissue,  but  in  the  medullary  portion  the  matrix  is  coarser,  and  isnotC 
filled  up  with  lymphoid  corpuscles  as  in  the  cortex.  The  adenoid  tiflB 
of  the  cortex,  and  to  a  less  marked  extent  that  of  the  medulla,  coniiN 
of  the  two  elements,  one  with  small  meshes  formed  of  fine  fibres  wm 
thickened  nodal  points,  and  the  other  enclosed  within  the  first,  ooll 
posed  of  branched  connective- tissue  corpuscles  (Watney).  Scattered! 
the  adenoid  tissue  of  the  medulla  are  the  concentric  corpuscles  of  Hastm 
which  are  protoplasmic  masses  of  various  sizes,  consisting  of  a  nuc 
granular  centre,  surrounded  by  flattened  nucleated  epithelial 
In  the  reticulum,  especially  of  tlie  medulla,  are  large  transparent! 
cells.  In  the  thymus  of  the  dog  and  of  other  animals  are  to  be  fo 
cysts,  probably  derived  from  the  concentric  corpuscles,  some  of  whi 
are  lined  with  ciliated  epithelium,  and  others  with  short  columnar  < 
The  arteries  radiate  from  the  centre  of  the  gland.  Lymph  sinuses  i 
be  seen  occasionally  surrounding  a  greater  or  smaller  portion  of 
periphery  of  the  follicles  (Klein).     The  nerves  are  very  minute. 
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Trom  tbe  thyiDtiB  Tarious  subatauces  may  be  extracted,  many  of  them 

liar  to  those  obtained  from  the  splceo,  e.g.^  xanthin,  hypoxanthin, 

id  leucin,  as  well  m  certaia  proteids^  especially  nucleo-proteid  (found 

all  protoplasm),  ivhich  on  injection  iuto  the  yeins  of  an  aDimal  pro- 

intra-vascular  clotting. 
Fundicn. — Beard  has  recently  concluded  from  sonje  experiments  on 
le  smooth  skate  that  the  important  function  of  the  thymus  is  the  forma- 
DD  of  the  colorless  corpueeles — that  tho  thymus,  in  fact,  is  the  parent 
liiTfje  from  which  all  the  colorless  corpuscles  are  derived.  The  first  are 
prdoped  from  the  thymus  cells,  and  from  them  all  the  others  arise. 

Be^iecting  tho  thymus  gland  in  the  hybernating  animals,  in  which  it 
liita  throughont  life,  as  each  successive  period  of  hybernation  approaches, 
ethymoa  greatly  enlarges  and  becomes  laden  with  fat,  which  accumnlates 
\  it  and  in  fat  glands  connected  witli  it,  in  even  larger  proportions  than 
\  does  in  the  ordinary  seats  of  adipose  tissue.  Hence  it  appears  to 
efor  the  storing  lip  of  materials  which,  being  re-abaorbed  in  inactivity 
(the  hybernating  period,  may  maintain  the  respiration  and  the  tcm- 
inro  of  the  body  in  the  reduced  state  to  which  they  fall  during  that 
It  is  also  believed  to  be  a  source  of  the  red  blood-corpuscles,  at 
rate  in  early  life* 

The  Pineal  Gland.— This  gland,  which  is  a  small  reddish  body,  is 

>d  beneath  the  back  part  of  the  corpus  callostim,  and  rests  upon  the 

ra  qnadrigemina. 

Structures — It  contains  a  central  cavity  lined  with  ciliated  epithelium. 

gland  anbstance  proper  is  divisible  into — (L)  An    outer   cortical 

',  analogous  in  structure  to  the  anterior  lobe  of  the  pituitary  bodyj 

:.>  An  inner  central  layer,  wholly  nervous.      The  cortical  layer 

jsts  of  a  number  of  close  follicles,  containing  (a)  cells  of  variable 

ronnded,  elongated,  or  stellate;  (b)  fusiform  cells.     There  is  also 

nt  a  gritty  matter  (acermdus  cerebri) ,  consisting  of  round  particles 

ated  into  small  masses.     The  central  substance  coTjsists  of  white 

gray  matter.     The  blood-vessels  are  small,  and  form  a  very  delicate 

illary  plexus. 

The  pineal  gland  is  a  vestigial  structure,  being  the  atrophied  third 

which  was  situated  in  the  median  line.     It  is  found  in  a  better  de- 

oondition  in  certain  liaiarda,  though  it  ia  functionless, 

he  Coccyg:eal  and  Carotid  Glands.^ — These  so-called  glands  are 

,  the  one  in  froot  of  the  tip  of  the  coccyx,  and  the  other  at  the 

it  of  bifurcation  of  the  common  carotid  artery  on  each  side.     They 

e  up  of  a  plexus  of  small  arteries,  are  inclosed  and  sopported  by 

le  of  fibrous  tissue,  which  contains  connective*tiasne  corpnscles, 

-3  Wood-vessels  are  surrounded  by  one  or  more  layers  of  cells  like 

itiog  cells,  which  are  said  to  be  modified  plasma  cells  of  the  conneo* 

tiBBna.     The  function  of  these  bodies  ia  unknowiii 


CHAPTER  IX. 

FOOD  AND  DIGESTION. 

The  object  of  digestion  is  to  bring  the  materials  of  the  food  i 
such  a  condition  that  they  may  be  taken  up  by  the  blood  and  lympb 
vessels,  and  so  rendered  available  for  the  wants  of  the  system.  It  mi 
the  foods  soluble  and  diffusible,  and  also  converts  bodies  already  soli 
and  diffusible  into  forms  which  can  be  utilized,  e.g.^  cane  sagar, 
though  soluble  and  diffusible,  cannot  be  used  by  the  body  until  it! 
been  split  into  two  molecules  of  monosaccharide.  Very  few  of  il 
materials  are  fit  for  this  purpose  when  taken  into  the  body,  and' 
majority  would  therefore  be  to  all  intents  and  purposes  quite  nd 
unless  digested. 

It  is  unnecessary  to  mention  all  the  various  substances  which  i 
have  been  used  as  food  at  some  time  or  another^  and  we  shall  confiiMl 
attention,  therefore,  to  the  chief  and  most  familiar  articles  of  diet 

We  find,  then,  that  foods  may  bo  divided  into  classes  correspond! 
closely  to  those  employed  to  describe  the  chief  substances  of  whichi 
animal  body  consists.  This  classification  may  be  recapitulated  u  I 
lows : — 

ORGANIC. 

I.  Foods  primarily  containing  Nitrogenous  substances,  consistlDg  of  i 

teids,  c.{/. .albumen,  casein,  myosin,  gluten,  legumin  and  their  alli 

and  AUmviinoids,  cgr.,  gelatin,  olastin,  and  chondrin. 

II.  Fooii  primarily  containing  Non-Nitrogenous  substances,  cominiflii 

(1.)  Amyloid  or  saccharine  bodies,   chemically  known  as  carbo-hydit 

e.g.,  starches  and  sugars. 
(2.)   Oils  and  fats. — These  substances  contain  carbon,  hydrogen,  and  i 
gen,  but  the  oxygen  is  less  in  amount  than  in  the  amyloidi 
saccharine  bodies. 

INORGANIC. 

I.  F(KMis  which  supply  Mineral  and  saline  matter. 
II.  Licjuid  food  containing  chielly  Water. 

Man  requires  that  the  cliief  part  of  his  food  should  be  cooked.  ' 
few  organic  substances  can  be  properly  digested  without  preyions 
posure  to  heat  and  to  other  manipulations  which  constitute  the  pn 
of  cooking. 

Organic  nitrogenous  foods. 

a. — The  Flesh  of  Animals,  e.g.,  of  the  ox  (beef,  veal),  sheep  (mvt' 
lamb),  pig  (pork,  bacon,  ham). 

Of  these,  beef  is  richest  in  nitrogenous  matters,  containing  abou 
per  cent^  whereas  mutton  contains  about  18  per  cent,  veal  16.5, 


POOD   AHD   DIOESTIOl'r. 


dzl 


nk,  10;  beef  is  also  firmen  more  sjitiefying,  and  ie  supposed  to  be 
lOre  strengthening  thun  mutton,  whereas  the  latter  is  more  digestible. 
be  fleeb  of  young  animals^  such  as  lamb  and  veal,  is  lees  digestible  and 
nntritions.  Pork  is  comparatively  indigestible^  and  contains  a 
frge  amount  of  fat. 
Flesh  contains: — (1)  Nitrogenous  bodies;  chiefly  myosin,  and  one  or 
fflobulim;  serum-aibumin,  gelatin  (from  the  interstitial  fibrous 
nectiire  tissue);  ehisiin  (from  the  elastic  tissue),  as  well  as  hmmo- 
n,  (2)  Fatty  matters,  inclnding  hcithin  and  chohnterin,  (3)  Ex- 
itire  matters,  some  of  wliich  are  agreeable  to  the  palate,  e,g,  oamazojnej 
others,  which  are  weakly  stimulating,  fl.r/.,  creafifK  Besides,  there 
^bmro/ar/iV  and  iriositie  arid.^,  faarin,  xanthin,  and  others.  (4)  Salts, 
Inly  of  potassium,  calcium,  and  magnesium,  (5)  Water,  the  amount 
which  varies  from  15  per  cent  in  dried  bacon  to  30  in  pork,  51  to  53 
fiit  beef  and  mutton,  to  72  per  cent  in  lean  beef  and  mutton,  (6)  A 
ertain  amount  of  carbo-hydrato  material  is  found  in  the  flesh  of  some 
aimals^  in  the  form  of  ifwsite,  dextrin^  grape  sugar,  and  (in  young 
lals)  glgcogen. 


OF  Pebcentaob  CoMPosmox 

OF  Beef, 

Mutton, 

Pork, 

AKD  Vrjih 

(Letheby.) 

Wat<?r. 

Prot*'id, 

Fftt*. 

SAlte. 

Beef. — Ijpan     .         .         ,         . 

72 

iVI.H 

n.e 

5,1 

Fat  . 

51 

14.8 

29.8 

4.4 

Mutton.  ^Lean 

72 

laa 

4,0 

4.8 

Fat      .         .         , 

53 

12,4 

:{i.i 

8.5 

Veal 

m 

1ft.  5 

15.8 

4.7 

Fk*rk.—Fat 

m 

9.8 

41^.9 

9,8 

Together  with  the  flesh  of  the  above-mentioned  animalsj  that  of  the 
r,  hare,  rahbi'K  and  bird.%  constituting  vejitsonf  gavw,  and  poulirg, 
IQuld  be  added  as  taking  part  in  the  supply  of  nitrogenous  eubstancee, 
alBofish — salmon,  eels,  etc.,  and  sheU-jtahj  <?-</*?  lobster,  crab,  mussels, 
fihrimpg,  acollops,  cockles,  eto, 


TlBLB  OF  PeBCENTAOB  COIIPOBITION  OF  POULTRY  AND  FiSH,  —  (LeTHEBY.  ) 

Water,         Proteid.  Fat*.         Salts. 

Poultry 74  31  3.8  1,2 

(Singalarly  devoid  of  fat,  and  is  therefore  generally  eaten  with  bacon 
pork.) 


VThMe^  Fish      . 

SaXmoD 

EelB  (very  rich  in  fat) 

Oy«ter» 


Wfltvr. 

78 


Proleld. 
IS.  1 
77  10.1 

Til  9.0 

75,74       11.73 


Fats. 
2.9 

6.5 
13.8 
2.43 


Salts. 
1. 
1.4 
1.8 
2.78 


(7.39  coniiit  of  non-nitrogenous  matter  and  loss.)     (Payen*) 
Even  now  the  list  of  fleshy  foods  is  not  complete,  as  the  fleah  of 
\j  all  animals  has  been  occasionally  eaten,  and  we  may  preflume 
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that  except  for  difference  of  flavor,  etc.^  the  average  composition  10 
nearly  the  same  in  every  case. 

b.  Milk.* — Is  intended  as  the  entire  food  of  young  animals,  and  IP 
such  contains,  when  pure,  all  the  elements  of  a  typical  diet.  (1)  Alhi- 
minous  substances  in  the  form  of  cmeinogen,  and  serum  or  ItKi-aUnimm, 
(2)  Fats  in  the  cream.  (3)  Carbo-hydrates  in  the  f orjn  of  lactose  or  milk 
sugar.  (4)  Salts,  chiefly  calcium  pfiosphaie;  and  (5)  Water.  Fromitu 
obtain  (a)  cheese,  which  is  the  clotted  caseinogen  or  casein  precipiUtod 
with  more  or  less  of  fat  according  as  the  cheese  is  made  of  skim  milk 
(skim  cheese),  of  fresh  milk  with  its  cream  (Cheddar  and  Cheshire),  or d 
fresh  milk  plus  cream  (Stilton  and  double  Oloucester).  The  precq^ 
tated  casein  is  allowed  to  ripen,  by  which  process  some  of  the  A 
bumin  is  further  split  up,  with  formation  of  fat.  (fi)  Cream,  consistili 
the  fatty  globules  encased  in  caseinogen  and  serum-albumin,  and  wkidl 
being  of  low  specific  gravity  float  to  the  surface,  (r)  Butter,  or  ibi 
fatty  matter  deprived  of  its  proteid  envelope  by  the  process  of  chaniio| 
(d)  Buttermilk,  or  the  fluid  obtained  from  cream  after  butter  has  befl 
formed ;  very  rich  therefore  in  nitrogen,  (c)  Whey,  or  the  fluid  whU 
remains  after  the  precipitation  of  casein;  it  contains  sugar,  salt,  audi 
small  quantity  of  albumin. 

Table  of  CkDMPOSiTiON  of  Milk,  Butter- mu£,  Cream,  and  Chkesb.— (LrhoI 

AND  Pa  YEN.) 
Nitre 
MUk^Cow)         .... 
Buttermilk     .... 
Cream        ..... 
Cheese.. — Skim 
Cheese. — CJieddar    . 

Cheese.— Nenfchatel  (Fresh).  8.  40.71        86.68  .61     88.88 

c.  Eggs, — The  yolk  and  albumen  of  eggs  are  in  the  same  relation  i 
food  for  the  embryos  of  oviparous  animals  that  milk  is  to  the  young  I 
mammalia,  and  afford  another  example  of  the  natural  admixture 
the  various  alimentary  principles.  The  proteids  of  eggs  are  egg-albuirii 
and  globulins,  of  which  the  vitellin  of  the  yolk  is  most  important 
nuclein  in  combination  with  iron  is  also  found.  In  addition  to  tb 
three  common  fats  there  is  a  yellow  fat,  lutein  (lipochome),  a  smd 
quantity  of  grape  sugar;  lecithin,  and  cholesterin  and  inorganic  sdt 
chiefly  potassium  chloride  and  phosphates. 

Table  of  the  Percentage  CoMPOsmoN  of  Fowls'  Eqos. 

Nitrogenous  substances.       Fats.         Salts.       Water. 

White 20.4  —  1.6  78 

Yolk  .        .        .        . 16^ 80.7         1.8  O 

*The  details  of  the  composition  of  milk  have  been  discoBBed  in  theChaptwl 
Secretion. 


us  matters.  Fats. 

Lactose. 

Salts. 

Wstfr. 

4.1             8.9 

6.2 

.8 

86 

4.1              .7 

6.4 

.8 

88 

2.7          26.7 

2.8 

1.8 

m 

44.8            6.8 



4.9 

44 

28.4          81.1 

— 

4.5 

M 

Non-nitroeenous 
matter  and  loos. 
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i  i.  LeguminouB  fruiU  are  used  by  TegeiarianSj  as  the  chief  eource  of 
-tte  nitrogen  of  the  food.  Those  chiefly  used  are  jmos^  beans,  kniilSf 
etc.,  tbey  contain  a  nitrogenous  Biibstance  called  hgvmin^  allied  to 
i/bumen.  They  contain  about  25,30  pur  cent  of  this  nitrogeDOUS  body, 
lod  twice  as  much  nitrogen  as  wheat. 


^ 


Organic  non-oitrogenous  foods. 


/.  Carbo-h^dratfs, — a,  Bread,  made  from  the  ground  grain  obtained 
*€fm  Tarious  so-called  cere^ils,  viz,,  wheats  rye^  maize,  barley,  rice,  oats, 
c,  is  the  direct  forni  in  wliich  the  carbo-hydrate  is  supplied  in  an 
<i*uary  diet.  It  contains  stsirch,  dextrin,  and  a  little  eugar.  Jt  also, 
laides  these,  contains  fjluknj  composed  of  several  vegetable  proteitJs, 
111  a  small  amount  of  fat. 


Tablk  op  Pebcentage  Composition  of  Bread  anu  FLot*n. 


(.xTUy- 

lijr'd  rules. 

Futs. 

Salt*. 

Water. 

8.1 

51. 

1.0 

2.1^ 

37 

10;  8 

70  85 

2. 

1.7 

15 

Bntud 

Flour  ... 

Various  articles  of  course  besides  bread  are  made  from  flour,  e,g,, 
go,  macaroni,  biscuits,  etc.  There  is  dextrine  and  a  small  amount  of 
iztrose  in  bread,  particularly  in  the  crust. 

ft.  Vt4fetahle»,  especially  potatoes.  They  contain  starch  and  sugar. 
I  cabbage,  turnips,  etc.,  the  salts  of  potassium  are  abundant. 

c.  Fruits  contain  sugar,  and  organic  acids,  tartaric,  malic,  citric, 
id  others. 

<f.  Sugar,  chiefly  saccharose,  used  pure  or  in  various  sweetmeats. 
^U-  Otis  and  fats. — Tlio  substances  supplying  the  oils  and  fate  of  the 
H^mre  chiefly  butter,  bacon  and  lard  (pig's  hit),  suet  (beef  and  mutton 
it),  and  vegetable  oils.  These  contain  olein,  stearin,  and  palmitin, 
buer  contains  others  in  addition,  while  vegetable  oils,  as  a  rule,  eon- 
ub  no  fitearin. 

^f  Mineral  or  Inorganic  Foods* 

The  salts  of  the  food, — Nearly  all  the  foregoing  substances  in  the 
fieceding  classes,  contain  a  greater  or  less  amount  of  the  salts  required 
|l  food,  but  green  vegetables  and  fruit  supply  certain  salts,  chiefly 
k^tafisium,  without  which  the  normal  health  of  the  body  cannot  be 
liintained. 

Sodium  chloride  is  an  essential  food;  it  is  contnined  in  nearly  all 
lUds,  but  so  much  is  required  that  it  has  also  to  bo  taken  as  a  condi- 
I0nt.  Potasaium  salta  are  supplied  in  muscle,  nerve,  in  meats  generally, 
Id  in  potatoes.  Calcium  salts  are  supplied  in  eggs,  blood  of  meat,  wheat 
td  vegetables.     Iron  is  contained  in  hsemogiobin,  in  milk,  eggs,  and 
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vegetables.  It  is  derived  in  all  cases,  so  it  is  supposed,  by  org^ 
compounds,  into  which  it  is  built  up  during  plant  life,  or  during  th^^ 
of  other  animals  (hsematogens). 

Liquid  Foods. 

Water  is  consumed  alone,  or  together  with  certain  other  sab6tano0< 
used  to  flavor  it,  e.g,,  tea,  coffee,  etc.  Tea  in  moderation  is  a  stimoliDtr 
and  contains  an  aromatic  oil  to  which  it  owes  its  peculiar  arom^aH 
astringent  of  the  nature  of  tannin,  and  an  alkaloid,  theine.  ThecompoO*- 
tion  of  coffee  is  very  nearly  similar  to  that  of  tea.  Cocoa,  in  additiflO 
to  similar  substances  contained  in  tea  and  coffee,  contains  fat,  albnmiiK 
ous  matter  and  starch,  and  must  be  looked  upon  more  as  a  food. 

Beevy  in  various  forms,  is  an  infusion  of  malt  (barley  which  hs 
sprouted,  and  in  which  its  starch  is  converted  in  great  part  into  8ngii)i 
boiled  with  hops  and  allowed  to  ferment.  Beer  contains  from  1.2  to  M 
per  cent  of  alcohol. 

Cider  and  Perry y  the  fermented  juice  of  the  apple  and  pear. 

WinSy  the  fermented  juice  of  the  grape,  contains  from  6  or  7  (Bhini 
wines,  and  white  and  red  Bordeaux)  to  24-25  (ports  and  sherries)  pel 
cent  of  alcohol. 

Spirits,  obtained  from  the  distillation  of  fermented  liquors.  The] 
contain  upward  of  40-70  per  cent  of  absolute  alcohol. 

The  effect  of  cooking^. — In  general  terms  this  may  be  said  to  msb 
the  food  more  easily  digestible;  this  usually  implies  two  alterationi^- 
food  is  made  more  agreeable  to  the  palate  and  also  more  pleasing  to  tin 
eye.  Cooking  consists  in  exposing  the  food  to  various  degrees  of  hei^ 
either  to  the  direct  heat  of  the  fire,  as  in  roasting,  or  to  the  indinol 
heat  of  the  fire,  as  in  broiling,  baking,  or  frying,  or  to  hot  water,  aeil 
boiling  or  stewing.  The  effect  of  heat  upon  {a)  flesh  is  to  coagulate  flN 
albumin  and  coloring  matter,  to  solidify  fibrin,  and  to  gelatinize  ieit* 
dons  and  fibrous  connective  tissue.  Previous  beating  or  brui8iDg(ll 
with  steaks  and  chops)  or  keeping  (as  in  the  case  of  game),  renders  ibl 
meat  more  tender.  Prolonged  exposure  to  heat  also  develops  on  the  m* 
face  certain  erapyreumatic  bodies,  which  are  agreeable  both  to  the  taiM 
and  smell.  By  placing  meat  in  hot  water,  the  external  coating  of  all* 
min  is  coagulated,  and  very  little,  if  any,  of  the  constituents  of  iki 
meat  are  lost  afterward  if  boiling  be  prolonged;  but  if  the  constitiMBM 
of  the  meat  are  to  be  extracted,  it  should  be  exposed  to  prolonged  si* 
mering  at  a  much  lower  temperature, and  the  ** broth'*  will  then  oontlU 
the  gelatin  and  extractive  matters  of  the  meat,  as  well  as  a  certdii 
amount  of  albumin.     The  addition  of  salt  will  help  to  extract  myotM- 

The  effect  of  boiling  (h)  an  egg  is  to  coagulate  the  albumen,  wUe^ 
helps  to  render  it  more  easily  digestible.    Upon  {c)  milk,  the  effect  d 
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Digestion. 


is  to  produce  a  scum  composed  of  aDmmen  and  a  little  caaeinogeo 

peater  part  of  the  caseinogen  lieiiig  unooagulated)  with  some  fat. 

►fl(rf)  vegetables,  tbe  cuoking  prodaccs  the  necessary  effect  of  render- 

tii^m  softer,  so  that  they  can  be  more  readily  broken  up  in  the  mouth; 

llso  causes  the  starch  gi-ains  to  swell  up  and  biu  st,  and  so  aids  the 

Dive  fluida  ill  penetrating   into  their  substance.     The  albuminous 

are  coagulated,  and  the  gummy,  saccharine  and  saline  matters 

lemoved.     The  convereion  of  Hour  into  dough  is  effected  by  mixitig  it 

water,  and  adding  a  little  salt  and  a  certain  amount  of  yeast.     Yeast 

erosjsts  of  the  cells  of  an  organized  ferment  (7hrt(ht  vrrrrtsh)^  and  it  is 

tytJifi  growth  of  this  ]dant,  changing  by  ferment  action  the  sugar  pro- 

dnwd  from  the  starch  of  the  tioiir,  that  a  quantity  of  carbonic  acid  gas 

and  alcohol  is  formed.     By  means  of  the  former  the  dfnujh  rises.     An- 

<rther  metliod  of  making  dough  consists  in  mixing  the  Hour  with  watar 

tiontaining  a  large  quantity  of  carbonic  aci<l  gas  in  solution, 

KBy  the  action  of  lieat  during  baking  {d)  the  dough  continues  to  ex- 

P6ii,  and  the  gluten  being  coagulated,  the  bread  sets  as  a  permanently 

rresiculated  mass. 

"The  Enzymes,  or  unorganized  ferments,  are  the  essential  factors 
In  digestion,  and  their  predominant  action  is  one  of  hydrolyttc  cleavage; 
nt  \Bf  the  substance  acted  upon  takes  up  water  ami  then  splits  into  two 
pffereiit  substances,  usually  of  the  same  class.  Their  chemical  nature 
S  &s  yet  undetermined  because  of  the  inability  of  getting  absolutely  pure 
ipecimeiiBi  but  it  is  generally  admitted  that  they  contain  nitrogen,  and 
bey  are  usually  classed  as  proteids.  Practically  all  are  secret-ed  in  the 
[litiida  as  ^ywo^eiw,  which  bear  the  same  relation  to  enxyme.s  as  fibrinogen 
to  fibrin ;  they  are  transformed  to  enzymes  by  the  proper  stimulus  but 
r  exist  as  such  in  the  glands.  Some  of  them  pass  into  the  urine,  but 
are  excreted  with  the  fseces. 

th  enzyme  has  a  special  point  of  temperature  at  which  it  acts  best, 
any  change  in  the  temperature  re  thirds  its  action ;  the  action  is  siis- 
ndeA  at  a  definite  point  of  low  temperature,  but  the  enzyme  is  not  de- 
(d  by  cold ;  the  action  is  also  suspended  at  higher  temperatures,  and 
a  still  higher  point  the  enzyme  is  destroyed.     Some  enzymes  act  only 
alkaline  medium,  being  destroyed  in  an  acid  medium,  and  vice  versa; 
ze^  in  either  alkaline,  neutral  or  a**id  media.     Enzymes  are  hin- 
in  their  action  by  the  accumulation  of  tlie  products  of  their  activity. 
of  them  cease  acting  altogether  when  these  products  reach  a  certain 
tration,  but  will  begin  acting  again  on  the  removal  of  these  prod- 
ar  if  the  mixture  be  simply  diluted. 
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The  quantity  of  the  enzyme  determines  the  rapidity  of  the  action  bol 
not  the  amount;  a  small  quantity  will  digest  as  much  as  a  large  quantity 
but  will  take  longer.  The  enzymes  are  not  used  up  in  the  course  of  their 
activity,  as  far  as  can  be  seen,  and  do  not  seem  to  undergo  any  change  in 
their  composition.  They  are  classified  either  according  to  the  chemicil 
nature  of  their  action,  or  according  to  the  class  of  substances  on  which 
they  act;  the  former  classification  is  more  logical,  but  the  latter  is  mm 
convenient  and  more  generally  used. 

The  food  is  first  of  all  received  into  the  mauthf  and  is  subjected  to  the 
action  of  the  teeth  and  tonguSy  being  at  the  same  time  mixed  with  thefint 
of  the  digestive  juices  —the  saliva.  It  is  then  swallowed,  and,  passing 
through  the  pliarynx  and  cesopltagus  into  the  stomaehj  is  subjected  to  the 
action  of  the  gastric  juice — the  second  digestive  juice.  Thence  it  pasM 
into  the  intestines j  where  it  meets  with  the  hile.j  the  pancreatic  juice^  and 
the  intestinal  juices^  all  of  which  exercise  an  influence  upon  the  portion 
of  the  food  not  already  absorbed  from  the  stomach.  By  this  time  moit 
of  the  food  is  digested,  and  the  residue  of  undigested  matter  leaves  the 
body  in  the  form  offerees  by  the  external  opening  of  the  bowel. 

The  Mouth  is  the  cavity  contained  between  the  jaws  and  iDclosed 
by  the  cheeks  laterally,  the  lips  anteriorly ;  behind,  it  opens  into  the 
pharynx  by  the  fauces,  and  is  separated  from  the  nasal  cavity  above,  by 
the  hard  palate  in  front,  and  the  soft  palate  behind,  which  forms  its  roof. 
The  tongue  forms  the  lower  part  or  floor.  In  the  jaws  are  contained  the 
teeth,  and  when  the  mouth  is  closed  these  form  its  anterior  boundaries. 
The  whole  of  the  cavity  of  the  mouth  is  lined  with  stratified  epitheUnnii 
of  which  the  superficial  layers  are  squamous.  This  epithelium  is  contin- 
uous at  the  lips  with  that  of  the  skin  anteriorly,  and  posteriorly  irith. 
that  of  the  pharynx.  The  mucous  membrane  itself,  varying  in  thickness 
in  various  parts,  and  consisting  of  a  fine  areolar  connective,  in  which  is 
found  adenoid  tissue  in  considerable  amount,  is  provided  with  numeroos 
small  tubular  glands  lined  with  columnar  epithelium,  and  resembling  in 
structure  the  nuicous  salivary  glands,  to  be  presently  described.  IntD  \ 
the  buccal  cavity  open  the  ducts  of  the  salivary  glands,  which  are  thies 
in  number  on  either  side. 

In  the  mouth,  then,  the  food  is  subjected  to  the  action  of  the  teeth, 
or  is  masticated,  and  is  mixed  with  saliva.  These  processes  of  mastics* 
tion  and  insalivation  must  be  considered  more  in  detail. 

Mastication. — The  act  of  chewing,  or  mastication,  is  performed  hf 
the  biting  and  grinding  movement  of  the  lower  range  of  teeth  against  til 
upper.  The  simultaneous  movements  of  the  tongue  and  cheeks  assirt 
partly  by  crushing  the  softer  portions  of  the  food  against  the  hard  palste 
and  gums,  and  thus  supplementing  the  action  of  the  teeth,  and  partly  hf 
returning  the  morsels  of  food  to  the  action  of  the  teeth,  again  and  againi 


POOD   AND    DIOESTIOK. 


333 


Bqaeezed  out  from  between  them,  until  they  have  been  suffi* 
Ltly  chewed. 

Musclt^. — The  simple  up  and  down,  or  intif}f/  niovements  of  the  lower 
^w,  are  performed  by  the  temporai,  mtimelery  and  htiernal  ptenjguid  mus- 
tier, the  action  of  which  in  closing  the  jaws  alternates  with  that  of  the 
U^iMrie  and  other  museles  passing  from  t!te  oa  h^-uides  to  the  lower  jaw, 
limb  open  them.  The  grinding  or  side  to  side  movements  of  the  lower 
jaw  are  performed  mainly  by  the  extemul  ptertjijoid  muscles,  the  muscle 
4i  one  side  acting  alternately  with  the  other.  When  both  external 
Jterygoids  act  together,  the  lower  jaw  is  pulled  directly  forward,  so  that 
the  lower  incisor  teeth  are  brought  in  front  of  the  level  of  the  upper. 

Tnnpftro'fnax'dlary  Fibro'eartifafje. — The  function  of  the  inter-articu- 
lo-tibro-eartilage  of  the  tempore- maxillary  joint  in  mastication  is  to  serve : 
— (1)  As  an  elastic  pad  to  distribute  the  pressure  caused  by  the  exceed- 
ingly powerful  action  of  the  mastieatory  muscles.  (2)  As  a  joint-sui-face 
ket  for  the  condyle  of  the  lower  jaw  when  the  latter  has  been  par* 
drawn  forward  out  of  the  glenoid  cavity  of  the  temporal  bone  by 
external  pterygoid  muscle,  some  of  the  fibres  of  the  latter  being  at- 
to  its  front  surface,  and  consequently  drawing  it  forward  with  the 
le  which  moves  on  it, 
NervouM  Meehanisfn, —The  act  of  mastication  is  partly  voluntary  and 
ly  reflex  and  involuntary.  The  eonsideration  of  such  nervous  actions 
eome  hereafter-  It  will  suffice  here  to  state  that  the  afferent  nerves 
ikiefly  concerned  are  the  sensory  brant^lies  of  the  fifth  and  the  tenth  or 
Ja884>-pharyngeal,  and  tJxe  efferent  are  the  motor  branches  of  the  fifth  and 
twelfth  (hypoglossal)  cerebral  nerves.  The  nerve-centre  through 
llich  the  reflex  action  occurs,  and  by  whit  !i  the  movements  of  the  vari- 
muscles  are  harmonized,  is  situated  in  the  inedulla  oblongata.  In  so 
as  mastication  is  voluntary  or  mentally  perceived,  it  is  under  the  in- 
nence  of  the  cerebral  hemispheres. 

Insalivation. — The  act  of  mastication  is  much  assistefl  by  the  saliva 
hieb  is  secreted  by  the  salivary  glands  it)  largely  increased  iimount  dtir- 
Hg  the  process,  and  the  intimate  incorporation  of  which  with  the  food, 
it  is  being  chewed,  is  termed  ijtsaiiratitm. 

The  Salivary  Glands, 

The  glands  which  secrete  the  saliva  in  the  human  subject  are  the  aal- 
aiy  glands  proper,  viz.,  the  parotid^  the  sub-mdj'illarr/^  and  the  sitb-lin- 
ia/»  and  numerous  smaller  liodies  of  siinilar  structure,  and  with  sepa- 
te  ducts,  which  are  scattered  thickly  beneath  the  mucous  membrane  of 

lipe^  cheeks,  soft  palate,  and  root  of  the  tongue. 
^JStrmdure, — The  salivary  glands  are  compound  tubular  or  tubulo-race- 
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mofie  glandB.     They  are  made  up  of  lobules*     BSaoh  lobule  oaofiista  oftl*^^ 

branchings  of  a  siibiHvision  of  the  main  duct  of  the  gland,  which  is 
erally  mort*  or  lesa  convoluted  toward  its  exti-emities,  and  sometimes,  < 
cording  to  some  observeis,  sacculat-ed  or  pouched.     The  convoluted* 
pouched  portiona  form  the  ahwull^  or  proper  secreting  parts  of  the  gland.  | 
The  alveiili  ave  composed  of  a  luise merit  meiiibi*ane  of  flattened  o 
joined  together  by  processes  to  }>roduee    a  fenestrated   membrane, 
spaces  of  which  are  occupied  by  a  homogeneous  gromid-substance.     Witi 
in,  upon  this  membrane,  which  forms  tlie  tube,  the  nueleated  sj 
seci-eting  cells,  of  cubical  or  columnar  forui,  ai^  arranged  parallel  to  on 
another  enclosing  a  central  canal.     The  graimlar  appearance  frequent 
seen  in  the  salivary  cells  is  due  to  the  numerous  zymogen  granules  whic 
they  contitin.      When  istol;it*^d,  the  cells  not  infrequently  ai*e  found  to  1 
branched.     Connecting  the  alveoli  into  lobules  is  a  considerable  amou 


Fig.  iSC— Section  of  sub  maxillary  jclanJ  ^^f  ilf>K.    Sliowlnir  gland  cells,  b,  ftod  a  duct,  a,  tut 

(KijUiker.) 


of  fibrous  connective  tissue,  which  contains  both  flattened  and  granu 
protoplasmic  cells,  lyniph  cor|>U8cle6,  and  in  some  cases  fat  cells,     TJi 
lobules  are  connected  to  form  larger  lobules  (lobes),  in  a  similar  maimerJ 
The  alveoli  pass  into  the  intialubnlar  duets  liy  a  narrowed  portion  (^iater 
calary),  lined  with  flattened  epithelium  with  elongated  nuclei.     The 
terealary  duets  pass  into  the  intralobular  ducts  by  a  narrowed  neck,  line 
with  cubical  cells  with  small  nnclei.     Tlie  intralobular  duct  is  larger  iii 
size,  and  is  lined  with  large  cohimnar  nucleated  cells,  the  parts  of  which 
toward  the  lumen  of  the  tube^  present  a  fine  longtitudinal  striation*  da 
tfj  the  arrangement  of  the  cell  network.      It  is  must  marked  in  the  sub 
maxillar}^  gland.     The  intralobular  ducts  pass  into  the  larger  duets,  an 
these  into  the  main  duet  of  the  gland.     As  these  ducts  become  larg 
they  acquire  an  outside  coating  t»f  connective  tissue,  and  later  on  sou 
unstriped  muscular  fibres.     The  lining  of  Xhe  larger  duet^  consist  of  < 
or  more  layers  of  columnar  cpiMielium,  the  cells  of  which  contain 
intracellular  network  of  fibres  arranged  lungitudinally. 
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Vm^iu. — Certain  differences  in  the  structure  of  sali%^ary  glands  may 
fiifoi^r?ed  according  as  the  glands  secrete  pure  saliva,  or  saliva  mixed 
m'tJi  mucus,  or  pure  mucua,  and  therefore  the  glands  have  been  class i lied 

(1)  True  ialivary  tflands  (caile<l  most  unfortunately  by  some,  serous 
\)f  e.f/,f  the  parotid  of  man  aiul  other  anbnals,  and  the  submaxil- 
of  the  rabbit  and  guiDea'|"ig  (fig.  235).  In  this  kind  the  alveolar 
is  small,  and  the  cells  lining  the  tubule  ai-e  short  granular  colum- 
ceils,  with  nuclei  presenting  the  iiitianuclear  network.  Dui ing  rest 
cells  become  larger,  highly  granular,  with  obscured  nuclei,  and  the 
becomes  smaller.  During  activity,  and  after  stimulation  of  the 
hTupathetic,  the  cells  become  smaller  and  their  contents  more  opaqup; 
be  granules  lirst  of  all  disappearing  from  the  outer  part  of  the  ceDs,  and 


.  286-— FromaiiecOon  throuf^ha  trnesailivAry  i^lAnii.     a,  Tlie  glanfi  alveoli,  llnwd  with  iilbuniiii- 
OU9  ^saliiTttrjr  cells;"  b,  intriitiibuliir  ductcut  iriiQSTt^rseljr.     (Klein  acid  ISoble  Bmitb.  )^ 

being  found  only  at  the  extreme  inner  part  and  contiguous  border 

cell.     The  nuclei  reappear,  as  does  also  the  lunieo. 

(2)  In  the  trtie  mueus-aeeretlng  f/lundjSf  as  the  sublingual  of  man  and 

animals,  and  in  the  submaxillary  of  the  dog,  the  tnbcs  are  larger, 

in  a  larger  lumen,  and  also  have  larger  cells  lining  tbeni.     The  cells 

of  two  kinds,   (a)  mucous  or  ccntrdl  cells,   which   are   transparent 

anar  cells  with  irregular  or  flattened  nuclei  near  the  basement  mem- 

De.     The  cell  substance  is  made  up  of  a  fine  network,  which  in  the 

Hg  state  contains  a  transparent  substance  called   jttnrujeUf  during 

5eh  the  cell  does  not  stain  well  with  logwood  (Hg.  2.'iG).     When  the 

is  secreting,  as  well  as  on  stimulation  of  tlie  nerve,  mtiru/en  is  con- 

into  muciny  and  the  cells  swell  up,  appear  more  transparent,  and 

deeply  in  logw^ood  (fig,  237).     After  stimulation,  the  ccdls  become 

er,  more  granular,  and  more  easily  stained^  from  having  discharged 

jr  contents.     The  nuclei  appear  more  distinct,     (b)  Crescents  af  Gia- 

sometimes  called  the   Sfmliutu's  of  Hf'ldenham  i^^.   2.%),  wiiich 

?ntic  masses  of  granular  jjarietal  cells  fountl  here  and  there  be- 
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tween  the  basement  membrane  and  the  central  cells.     The  cella  OQm| 
ing  the  mass  are  small,  and  have  a  very  dense  reticulum,  the  nuclei 
fil>herical,  and   increase  iti  size  during  secretion.     In  the  mucous  gland 
there  are  some  large  tubes,  lined  witli  large  transparent  central  cells, 
having  besides  a  few  grarnilar  ptu-ietal  cells;  other  small  tubes  are  line 
witii  small  granular  parietal  t?eUs  alone  j  and  a  third  variety  are 
equally  with  each  kind  of  cell. 

(3)   In  the  miivo'Salitfart/  or  mixed  glands^  as  the  human  submaxilla 


Fig    «». 


njf.  «r. 


Fig.  28e,^gectioD  of  the  HubmaxilUrr  glutid  of  a  do^,  during  re«t  Most  of  tho  AlT«ol«r  c. 
Sra  Iftrge  and  cliMr,  b«lnjc  filled  with  the  mftterlftl  Tor  ftecretioD  (ta  this  casA,  roueifreD)  wta 
obacupat  their  urotoplaam  ^  some  of  th«efUB,  however,  art)  iimaU  A&d  protoplasmic,  formlvgt 
OKKMOtv  wtnta  ID  tnoit  of  the  &L  reo  II     ( R  an  vler. ) 

Fiip.  S37>— Section  of  a  «1niUar  ^laDd  after  a  period  of  ar^tUltj.    The  muetg«D  has  beeo  dil 
ctiarged  from  the  ninctneuMireting  €ella,  which  coiuequeTitlj  appear  sbmnkati  and  lee*  < 
BMh  the  celts  and  the  alvvoll  are  much  smaller,  and  the  protoplasm  of  the  oelb  ii  moreapp 
Tbe  creaoratt  of  G lanuz^l  are  enlarf^.     ( Ranvier. ) 

c^  Cretcent  cetle ;  g,  muciu-secretliag:  colli ;  i,  lumen  of  alveolus. 


gland,  pai-t  of  the  gland  presents  the  structure  of  the  mucous  glaad^| 
while  the  remaiiuler  has  that  of  the  salivary  glands  proper. 

Nerves  and  Bioud-vesseh, — Nerves  of  large  size  are  found  in  the  sail*! 
vary  glands  j  they  are  principally  contained  in  the  connective  tissue  of  j 
tlie  alveoli  J  ami  in  certain  glands,  especially  in  tlie  dug,  are  provitledj 
with  ganglia*  Some  nerves  have  special  endings  in  Pacinian  corpuscleSij 
some  sup]>ly  the  blood-vessels,  and  others  penetrate  the  basement  mem*! 
brane  of  the  alveoli  and  end  upon,  bnt  not  in,  tlie  salivary  cells. 

The  blood-vessels  form  a  dense  capillary  network  around  the  ducts  ( 
the  alveoli,  being  carried  in  by  the  fibrous  trabeculsB  between  the  alveoli 
in  which  alst>  bugin  the  lymphatics  by  lacunar  spaces. 

The  ao-calh'd  mucous  glands  of  the  mouth  and  tongue  present  in  i 
oaaes  the  structures  of  mucous,  in  others  of  serous  glaiids. 
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Saliva. 

SaliTa^  as  it  commonly  flows  from  the  mouth,  is  the  mixed  secretion 
the  salivary  glands  proper  and  of  the  glands  of  the  buccal  mucouB 
IVBubfcaxie  and  tongue ;  it  is  often  mixed  with  air,  w^hidi,  being  retained 
its  Tiscidity,  makes  it  frothy.     When  obtained  from  the  parotid  ducts, 
1  free  from  mucus,  saliva  is  a  transparent  watery  fluid,  the  specific 
mty  of  which  varies  from  1004  to  1008,  and  in  which,  when  examined 
hli  the  microscope,  are  found  floating  a  number  of  mioutt^  particles, 
Ted  from  the  secreting  ducts  and  vesicles  of  the  glands.     In  the  im- 
or  mixed  saliva  are  found,  besides  these  particles,  luimerous  epithe* 
ies  separated  from  the  surface  of  the  mucous  membrane  of  the 
and  tongue,  and  the  so-called  salivary  corpuscles,  discharged 
^ly  from  the  mucous  glairds  of  the  mouth  and  the  tonsils,  which, 
the  saliva  is  collected  in  a  deep  vessel,  and  left  at  rest,  subside 
form  of  a  white  opaque  matter,  leaving  the  supernatant  salivary 
transparent  and  colorless,  or  with  a  pale  bluish-ray  tint.     It  also 
various  kinds  of  micro-organisms  (bacteria).     In  reaetion,  the 
a,  when  first  secreted,  appears  to  be  always  alkaline :  the  alkalinity 
equal  to  .08  or  ,10  percent  of  sodium  carbonate  and  is  due  to  the 
ice  of  disodium  hydrogen  phosphate  Naj^HPO^*     During  fasting,  the 
although  secreted  alkaline,  shortly  becomes  neutral;   especially 
it  is  secreted  slowly  and  is  allowed  to  mix  with  the  acid  mucus  of 
mouth,  by  which  its  alkaline  reaction  is  neutralized. 

Chemical  Composition  op  Hitman  Saliva  (IIammerracuer). 

In  \,(m  piLTtA. 

Water 9»4  3 

Solida 5.8 

Mu<^us  and  epithelium  ,         ,         .         .         .        .        .        .2.2 

goluble  organic  matter  (ptyalin) 1.4 

Potassium  Bulpho  cyanklt;     ,       .         ,        .        .        .        .0.04 
Sttltft 2.20 


llbout I 


Tlie  mucin  is  the  largest  representative  of  the  organic  nitrogenous 
\  of  bodies  in  the  saliva j  it  inaj  be  thrown  down  V>y  addition  of  aee- 

aeid,  if  sodium  chloride  be  ab.sent.  It  gives  the  three  chief  i>roteid 
rti'  jn.^,  and  may  easily  be  split  up  by  the  action  of  a  dilute  nnneral  acid 

•  gl*  .halin  and  a  carbohydrate  whose  exact  character  has  not  yet  been 
iblished,  though  it  resembles  a  sugar  in  reducing  copper  sulphate  solu- 


The  presence  of  potassium  sulpkoeyanide  (CNKS)  in  saliva,  may  be 
wn  by  the  blood-red  coloration  which  the  fluid  gives  with  a  solution 
Serric  chloride  (Fe^Clj,  and  which  is  bleache<l  on  the  addition  of  a 
tioa  of  mercuric  chloride  (HgCl.,),  but  ntit  liy  hydrochloric  acid. 
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Rate  of  Secretion  and  Quantity, — The  rate  at  which  saliva  is  secp 
is  subject  to  considerable  variation.  When  the  tongue  and  musdes  < 
cerned  in  mastication  ai*e  at  rest^  and  the  nerves  of  the  mouth  are  sui] 
to  no  unusual  stimulus,  the  quantity  secreted  is  not  more  than  suiSd 
with  the  mucus,  to  keep  the  mouth  moist.  During  actual  secretion 
flow  is  much  accelerated. 

The  quantity  secreted  in  twenty-four  hours  varies,  but  is  at  leai 
pints  (1  litre). 

Uses  of  Saliva. — The  purposes  served  by  saliva  are  (a)  medum 
and  (b)  chemical. 

(a).  Mechanical, — (1)  It  keeps  the  mouth  in  a  due  condition  of  fli 
ture,  facilitating  the  movements  of  the  tongue  in  speaking,  and  the  i 
tication  of  food.  (2)  It  serves  also  in  dissolving  sapid  sabstanoeii) 
rendering  them  capable  of  exciting  the  nerves  of  taste.  But  thepriiwl 
mechanical  purpose  of  the  saliva  is,  (3)  that  by  mixing  with  tiie  1 
during  mastication,  it  makes  it  a  soft  pulpy  mass,  such  as  may  be  eri 
swallowed.  To  this  purpose  the  saliva  is  adapted  both  by  quantitj) 
quality.  For,  speaking  generally,  the  quantity  secreted  daring  feel 
is  in  direct  proportion  to  the  dryness  and  hardness  of  the  food.  1 
quality  of  saliva  is  equally  adapted  to  this  end.  It  is  easy  to  see  1 
much  more  readily  it  mixes  with  most  kinds  of  food  than  water  al 
does ;  and  the  saliva  from  the  ]>arotid,  labial,  and  other  small  ghH 
being  more  aqueous  than  the  rest,  is  that  which  is  chiefly  hraidei  i 
mixed  with  the  food  in  mastication ;  while  the  more  viscid  mucous  Ml 
tion  of  the  submaxillary,  palatine,  and  tonsillitic  glands  is  spteadd 
the  surface  of  the  softened  mass,  to  enable  it  to  slide  more  easily  throi 
the  fauces  and  esophagus. 

(Jt)  Chemical , — The  chemical  action  which  the  saliva  exerts  uponi 
food  in  the  mouth  is  to  convert  the  starchy  materials  which  it  contauis  i 
soluble  starch  and  then,  partially,  into  sugar.     This  power  the  sal 
owes  to  one  of  its  constituents,  jtft/alifiy  which  is  one  of  the  enzymes, 
unoiTT'inized  ferments.    Certain  investigators  have  of  late  asserted  t) 
saliva  contains  another  enzyme,  known  as  tjlucase,  which  has  the  poi 
of  si)litting  the  disaecharides  into  monosaccharides,  or  maltose  intoi 
trose.    The  action  of  this  ferment  is  certainly  veiy  limited.     The  eon^ 
sion  of  tlie  starch  under  the  influence  of  the  ferment  into  sugar  til 
place  in  several  stages,  and  in  order  to  understand  it,  a  knowledge  of 
structui-e  and  com[)osition  of  starch  granules  is  necessary.     A  stl 
granule  consists  of  two  pai-ts :  an  envelope  of  cellulose^  which  doei 
give  a  blue  color  with  iodine  except  on  addition  of  sulphuric  acid,  tl 
yranulosey  which  is  contained  within,  and  which  gives  a  blue  withifll 
alone.     Bi-licke  states  that  a  third  body  is  contained  in  the  granule,  «l 
gives  a  red  with  iodine,  viz.,  eriffhro-rprantilose.     On  boiling,  the  gM 
lose  swells  up,  bursts  the  envelope,  and  the  whole  granule  is  more  or 
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ij  converted  into  a  pasW  or  gruel,  which  is  called  gelatinous 

When  ptyalin  acts  upon  boiled  starch,  it  first  changes  the  latter  (by 
olysis)  into  soluble  starch,  or  amididin;  this  is  more  limpid  and  more 
a  true  solution,  though  it  still  gives  the  blue  coloratiuu  on  the  addi- 
i  of  iodine.  This  stage  is  very  brief,  only  thirty  seconds  being  some- 
rei[uired  in  laboratoiy  experiments,  to  render  a  stiff  starch  paste 
letely  fluid  when  a  few  drops  of  saliva  are  added  at  body  ti^nijier- 
This  rapidity  of  action  is  of  great  importance,  as  under  proper 
ions  of  maKtication  practically  all  the  boiled  starch  of  the  food 
;  to  enter  the  stoniacli  as  soluble  start^h,  When  the  start *h  has  not 
1  pjpeviously  boiled,  the  envelope  of  cellulose  retails  tlie  action  of  the 

to  a  very  marked  degree, 
he  farther  stages  c>f  hydrolytic  cleavage  result  in  the  formation  of  a 
mixture  of  maltose  and  iso-maltose  with  dextrina,  but  never  re- 
;  (In  laboratory  experiments)  in  the  complete  conversion  of  the  dex- 
t  into  sugars.  Grmhially,  as  the  starch  is  convei'tt^d,  the  blue  color- 
with  iodine  is  i-eplaced  by  a  purplisb-red  and  tinally  by  a  distinctly 
lor:  the  latter  color  is  |>ioduced  by  ertjthro-tiextrin  (so-called  from 
ar),  a  hyj^K>thetical  substance  which  has  never  been  isolated.  In 
pr  stages  no  coloration  is  obtained  with  iodine,  and  for  this  reason 
ixtiinfi  formed  are  known  as  arkf'oirdf.Ttnns  ;  there  are  prubably 
of  these,  but  they  have  not  yet  been  sutficiently  isoliitt-d.  As 
'  appears  very  early  in  the  process,  even  at  the  stage  of  erythro-dex- 
,  and  giiidually  increases  in  amount,  it  is  generally  concluded  that 
is  formed  early  in  the  deccuupoaitiun  of  the  starch  molecule;  the 
is  usually  represented  schejuatically  as  follows : 


Starch. 
Bolulilf  sttircii. 

I 


Eryihro-flextrin. 

I 


MulTosi'  and  if^n  maltose. 


dfxtritis. 


Mult  rise  anil  is(»  maltose. 


_'  sagars  formed  are  malt-ose  {i',,H.j,t^,)  and  a  closely  allied  sugar 

I  as  iso-maltose.     A  sniull  |>ercentage  of  dextrose  has  lieen  foiuul  by 

►  observers,  and  this  may  i>e  due  to  the  action  of  ijlumsr.     Maltose  is 

%U>  saccharose  or  cane-«ngiir  nuji-e  nearly  than  to  glucose;  it  is  ci^ys- 

i;  its  solution  has  the  property  of  polarizing  light  to  the  right  to  a 

IT  degree  than  solutions  of  glucose  (3  to  1);  it  is  luit  so  sweet,  and 

IS  eopper  sulphate  less  easily.     It  can  be  converted  into  glucose  by 

1^  with  dilute  acids. 
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Acconling  to  Brown  and  Heron  the  reactions  may  be  n'presented  thus: — 
One  molwule  of  gelatinous  starcli  is  eonverttnl  by  tile  action  of  an  umyloljtic 

nient  into  n  molecules  of  soluble  starch. 
One  molecule  of  soluble  stan-h  =  10(C,,H»oO,o)  +  8(HsO).  which  is  further  > 
verted  by  the  ferment  into 

1.  Ervthro-dextrin  (giving  red  with  iodine)  -f    Malto 

»(C.,H,«0,a)  (C„H.^ 

then  into  2.    Ervthro-dextrin  (giving  yellow  with  iodine)    -|-    Maitoi 

8  (C.,H,o()io)  2  (C.,H„< 

next  into  8.    Achn)5-dextrin        -\-        Maltose. 

7((?„n.o0.o)  3(C.,H„0„) 

And  so  on;  the  resultant  being: — 

10  (CH.oO.o)  +  8  (H.O)  =  8  (C„H„On)  +  2  (C„H„0..) 
Soluble  starch        Water  Maltose        AchroO-dextrin. 

Many  observers,  however,  deny  that  the  maltose  simultaneously  pi 
ent  with  erythro-dextriii  is  actually  split  off  from  the  starch  molecule 
the  formation  of  erytluo-dextrin ;  tliey  claim  that  it  is  rather  the  prod 
of  more  advanced  hydrolysis  in  other  starch  molecules,  and  point  out  t 
in  such  a  chemical  reaction  of  considerable  time  duration,  it  is  improba 
that  all  the  stiircli  molecules  aiv.  attacked  at  the  same  rate  or  are,  at  i 
given  moment,  ocjually  advanced  in  cleavage.  Their  theory  is  tha' 
series  of  more  and  more  simple  dextrins  are  formed  which  give  rise  fioi 
to  the  disaccliarides. 

Test  for  Suijar. — In  such  an  experiment  the  presence  of  sugar  ii 
once  discovered  by  the  application  of  Trommer's  test,  which  consist! 
the  addition  of  a  drop  or  two  of  a  solution  of  copper  sulphate,  foUoi 
by  a  larger  quantity  of  caustic  potash.  When  the  liquid  is  boiled, 
orange-red  precipitate^  of  copper  suboxide  indicates  the  presence  of  sag 

The  art  inn  of  saliva  on  starch  is  facilitated  hy :  (a)  Moderate  h€ 
about  ;^7.8°  C.  (100^  F.).  (/>)  A  neutral  medium,  (r)  Removal  of  1 
changed  material  from  time  to  time.  Its  actions  retarded  by:  (a)  Co 
a  temperature  of  C  C.  (*52°  F.)  stops  it  for  a  time,  but  does  not  destroy 
whereas  a  high  U^nperature  above  GO"  C.  (140°  F.)  destroys  it.  {b)  Ac: 
or  strong  alkalies  either  delay  or  stop  the  action  altogether;  the  acti 
in  a  faintly  alkaline  luediuni  is  nearly  as  vigorous  as  in  a  neutral  media 
(<•)  Presence  of  too  great  a  ])ercentage  of  the  changed  material.  Ptyal 
in  that  it  convei-ts  starch  into  sugar,  is  an  amylolytic  or  diastasic  fennel 

Starch  appears  to  Ix*  the  only  principle  of  food  upon  which  sand's  ai 
chemically:  the  secretion  has  no  a])])arent  influence  on  any  of  the  otil 
ternary  principles,  such  as  sugar,  gum,  cellulose,  or  on  fat,  and  seems 
bt»  equally  destitute  of  power  over  albuminous  and  gelatinous  substaiUX 

Saliva  from  the  parotid  is  less  viscid;  less  alkaline,  the  first  fewdrt 
discharged  in  secreticm  being  even  acid  in  reaction;  clearer,  althougH 
may  become  cloudy  on  standing  from  the  precipitation  of  calcium  carM 
ate  from  escape  of  caribou  dioxide ;  and  more  watery  than  that  from  1 
submaxillary.  It  has  moreover  a  less  powerful  action  on  starch.  Si 
lingual  saliva  is  the  most  viscid,  and  contains  more  solids  than  either= 
the  other  two,  but  has  little  diastasic  action. 
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le  salivary  glands  of  children  do  not  benome  functionally  active  till 
of  4  to  6  months,  and  hence  the  bad  etfect  of  feeding  them  before 
Jiig»  on  iitarchy  food,  com-iioiir,  etc,,  which  tliey  are  unable  to  i-ender 
itte  and  capable  of  absorption.  The  salivas  of  the  dog,  eat,  bear,  and 
are  almost  inactive,  whereas  that  of  inoiLkeys,  rabbits,  mice,  aquirrels, 
d  guinea-pigs,  are  strongly  diaatasic. 
Su/ivari/  DiffeMion  in  thf  Sttmnich,^'UndeT  proper  conditions  salivary 
pestion  may  eontinne  for  some  time  after  the  food  has  entered  the  stom- 
L  In  laboratory  experiments  it  is  found  that  while  the  addition  of 
Q  ,05  |ier  cent-  of  hydrochloric  aeid  will  irdiibit  the  action  of  ptyiilin  on 
■ultttion  of  starch,  if  any  proteids  be  present  iji  the  solution,  much 
acid  must  be  added  l)efore  the  action  of  the  ptyalin  is  stopi>ed, 
explanation  of  the  latter  fact  is  that  the  acid  unites  with  the  proteids 
80ioe  loose  ehemieal  combination >  forming**  combined  acid*'  which  lias 
tie  effect^  comparatively,  on  ptyalin.  This  **  combined  aeid  "  gives  a 
color  with  litmus,  but  is  distinguished  from  free  acid  by  giving  a 
nmish  instead  of  a  bluish  color  with  Congo  red. 

When  food  enters  an  empty  stomach,  as  happens  at  the  beginning  of 
f  the  acid  first  secreted  combines  with  the  proteid  food-stnlfs  and 
not  affect  tlie  ptyalin.     It  usually  requires  at  least  15  to  20  min- 
before  the  acid  is  secreted  in  sufficient  cpiantity  to  be  in  excess,  as 
acid,  of  the  amount  which  can  combine  with  the  proteids,  and  during 
time  salivary  digestion  may  continue.     Of  course  the  action  of  pty- 
on  food  taken  later  in  a  meal  is  promptly  stopped  when  it  reaches  the 
because  cjf  the  presence  of  free  acid. 


The  Nerrous  Mechantsm  of  the  Secretion  of  Saliva. 

\  secretion  of  saliva  is  under  the  control  of  the  nervous  system.     It 

^leBex  action.      Under  ordinar}^  conditions  it  is  excited  by  the  stimu- 

of  the  peripheral  branches  of  two  nerves,  viz.,  the  f/uj^tatort/  &r 

%l  branch  of  the  inferior  maxillary  division  of  the  fifth  nerve,  and 

)  ^los^o'phin'ijnrfval  part  of  the  eightli  i>air  of  nerves,  which  are  distrib- 

thc  mucous  membrane  of  the  tongue  and  pharynx  conjointly. 

lulation  occurs  on  the  introduction  of  sapid  sul>stanccs  into  the 

St^  and  the  secretion  is  broui^ht  about  in  the  following  way ;     Froni 

^terminations  of  the  above-mentioned  sensory  nerves  distributed  in  the 

membrane  an  impression  is  conveyed  upward  (afferent)  to  the 

nerve   centre  situated  in   the  medulla-oblnngata  which   controls 

sa,  and  by  it  is    reflected   to   certain  nerves  supplied   to  the 

glands,  which  will  be   presently  indicated.     In   other  words, 

atre,    stimulated   to   action    by   the   sensory   impressions   carried 

aends  out   impulses  along  efferent  or   secretory  nerves  supplied 

salirary  glands,  which  cause  the  saliva  to  be  secreted  by  and  dis* 
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charged  from  the  gland  cells.  Other  stimuli,  however,  besides  that  of 
the  food,  and  other  sensory  nerves  besides  those  mentioned,  may  pio* : 
duce  reflexly  the  same  effects.  For  example,  saliva  may  be  caused  to 
flow  by  irritation  of  the  mucous  membrane  of  the  month  with  mechaati 
cal,  chemical,  clcctriciil,  or  thermal  stimuli,  also  by  the  irritation  of  tki 
mucous  inombrano  of  the  stomach  in  some  way,  as  in  nausea,  whidi 
precedes  vomiting,  when  some  of  the  peripheral  fibres  of  the  iFogi 
irritated.  Stimulation  of  the  olfactory  nerves  by  smell  of  food,  of  thl 
optic  nerves  by  the  sight  of  it,  and  of  the  auditory  nerves  by  the  soundi 
which  are  known  by  experience  to  accompany  the  preparation  of  a  mei^ 
may  also,  in  the  hungry,  stimulate  the  nerve  centre  to  aotion.  In  addt 
tion  to  these,  us  a  secretion  of  saliva  follows  the  movement  of  the  mi 
cics  of  mastication,  it  may  be  assumed  that  this  movement  atimalates 
secreting  nerve  fibres  of  t1)c  ghind,  direct  or  reflexly.  Ftom  the 
that  the  flow  of  saliva  may  be  increased  or  diminished  by  mental 
tions,  it  is  evident  that  impressions  from  the  cerebrum  ako  are  ca] 
of  stimulating  the  centre  to  action  or  of  inhibiting  its  action. 

Salivary  secretion  may  also  be  excited  by  direct  Btimolation  of 
ct}ntrc  in  the  medulla. 

On  the  Submaxillary  Gland.— The  submaxillary  glmd  has  been 
gliind  chiefly  employed  for  the  purpose  of  experimentally  demonstratii 
the  iiifluen(;e  of  the  nervous  system  upon  the  secretion  of  saliva,  becani 
of  the  conipanitivo  facility  with  which,  with  its  blood-vessela  and  nei 
it  may  be  exposed  to  view  in  the  dog,  rabbit,  and  other  animals. 
chief  nerves  8ui)])lied  to  the  gland  are  (1)  the  chorda  tympani,  a  b: 
given  oil  from  tlm  facial  {or  jwr tin  dura  of  the  seventh  pair  of  ne: 
in  the  canal  through  which  it  piisses  in  the  temporal  bone,  in  its 
from  the  interior  of  the  skull  to  the  face;  and  (2)  branches  of  the 
pathetic  nerve  from  the  plexus  around  the  facial  artery  and  its  brani 
to  the  gland.     The  chorda  {?ig.  238,  r/*.  /.),  after  quitting  the  tempol   — 
bone,  passes  downward  and  forward,  under  cover  of  the  external] 
goid  muscle,  and  joins  at  an  acute  angle  the  lingual  or  gustatory 
proceeds  with  it  for  a  short  distance,  and  then  passes  along  the  su 
illary  gland  duct   (fig.  238,  i<m,  (/.),  to  which  it  is  distributed,  gifi 
branches  to  the  submaxillary  ganglion  (fig.  238,«m.  ^/.),and  sending  otU 
to  terminate  in  the  8ui)erficial  muscles  of  the  tongue.     It  consists  oft 
medullated  fibres  which  lose  their  medulla  in  the  gland.     If  this  Ml 
be  exjiosed  and  divided  anywhere  in  its  course  from  its  exit  from  the 
to  the  gland,  no  immediate  result   will  follow,  nor  will   stimnli 
either  of  the  lingual  or  of  the  glosso-pharyngeal  produce  a  flow  of  bsB 
But  if  the  peripheral  end  of  the  divided  nerve  be  stimulated,  anabn: 
secretion  of  saliva  ensues,  and  the  blood  supply  is  enormously  in 
the  arteries  being  dilated.     The  veins  even  pulsate,  and  the  blood 
taiued  within  them  is  more  arterial  than  venous  in  character. 
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When»  on  the  other  hand^  the  atimtihia  h  applied  to  the  sympathetic 
fikments  (mere  division  producing  no  apparent  effect),  the  arteries  con- 
Uact,  and  the  blood  streara  is  in  consequence  much  diminiBhed;  and 
^m  the  Tains,  when  opened^  there  escapes  only  a  sluggish  stream  of 
blood.  The  saliva,  instead  of  being  abundant  and  watery,  becomes 
Dty  and  tenacious.  If  both  chorda  tympani  and  sympathetic  branches 
I  divided,  the  gland,  released  from  nervous  control,  may  secrete  con- 
BOQslj  and  abundantly  (  jmrabjtic  secretion). 

The  abundant  secretion  of  saliva,  which  follows  stimulation  of  the 
ia  tympanij  Is  not  merely  the  result  of  a  tiltrution  of  fluid  from 


_9lil,  StfL—DiASFaTniDatfc  r^pnveBtation  of  the  mib-majEUlAty  gland  of  the  dop  with  its  oerve*  and 
I'^cwMfU.  (Tnta  ift  not  fnt^tirlrifl  t.>  Illustrate  the  exact  analornk^l  rt^lfttioitsof  the  st-vcral  ntnio- 
L)    fiH.  jrld..  lh«f  K\)b  i<  Inmi  into  the  ductCmn.  dM^t  which  a  eaiiiila  haa.  been  tJrd. 

I  tttbUxkinml  ifland  and  t  shown,     n.  L,  n.  I'.,  the  lii^j^iial  or  p^iscatory  ntTve  ;  ch.  <  , 

T-,  thf*  chorda  tjuiMin  _  from  the  facial  nervo*  becorntnir  cimjoliUHJ  with  the  UtiKU&l 

L  ?'^  ajj*il  afr^rwRrnf  Uiv«r^in>4  i!m1  paMi^in^;  to  the  phind  alonp  tht^diiet;  tm,  gf,,  siib-tnazulaiy 
^km  with  ita  rooti;  n,  /.,  the  llrifpjLikl  iiene  proce+'iUtig  to  the  toti>rye  ;  a.  car,^  Uieoaratid  ftrt*nr, 
chfS  of  which,  (I.  Mm,  «.  and  r,  »m^  p.,  \niH->  i^>  thf  anterior  and  i»osterior  partB  of  the  gluxul  i 
e  «uiterk>r  and  ptisterior  veins  from  th<?  jflaiul  tMidlnit  iTi  r.j..  the  lu^tilar  vein  ",  i\  aym,,  the 
I  TA^B  and  Hym pathetic  tniDks  ;  gl  e^r./t,  the  snfterlor-t^erviL'al.  ^img:hnn.  two  hraiichc* 
hlbniilnff  a  plexii»,  a.f„  over  the  facial  ariii-ry  an>  distributed  {n.  nytn,  «m.}  altniK  the  two 
rie»  to  the  anterior  and  |joaterinr  |Hirtion  of  the  K^nnd.    The  arrows  indicata  iJie 

I  hf  the  nervous  impuL*e«  ;  during  n flex  RtinndaiioTia  of  the  gland  Lbej-aaceod  to  the 

I  bgr  the  UD^ual  and  descend  by  tht^  ctiorda  tynijiani.    (^M.  Ftjster. ) 

blood-Tessels,  in  consequence  of  the  largely  increased  circulation 
Bngh  them.  This  is  proved  by  the  fact  that,  when  the  main  duct  is 
tructed,  the  pressure  within  may  considerably  exceed  the  blootl-pres- 
\  in  the  arteries,  and  also  that  when  into  the  veins  of  the  animal 
lied  upon  some  atropin  has  been  previously  injected,  stimnla- 
i  of  the  peripheral  end  of  the  divided  chorda  prodncos  all  the  vascu- 

-r  dfeet«  as  before,  without  any  secretiuii  of  saliva  accompanying  them. 
un,  if  an  animal's  head  bo  cut  off,  and  the  chorda  be  rapidly  exposed 
» ■titnuL»ted  with  an  interrupted  current,  a  secretion  of  saliva  ensues  for 

short  time^  although  the  blood  supply  is  necessarily  absent.     These 
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experiments  senre  to  prove  that  the  chorda  containB  two  sets  of  nem 
fibres,  one  set  (vaso-dilator)  which,  when  stimulated,  act  upon  a  locil 
▼aso-motor  centre  for  regulating  the  blood  supply,  inhibiting  its  actiol^ 
and  causing  the  vessels  to  dilate,  and  so  producing  an  increased  snpply  of 
blood  to  the  gland ;  while  another  set,  which  are  paralyzed  by  injection 
of  atropiu,  directly  stimulate  the  cells  themselves  to  activity,  wherdij 
they  secrete  and  discharge  the  constituents  of  the  saliva  which  thqr 
produce.  These  latter  fibres  very  possibly  terminate  on  the  salivary  cells 
themselves.  If,  on  the  other  hand,  the  sympathetic  fibres  be  divided, 
stimulation  of  the  tongue  by  sapid  substances,  or  of  the  trunk  of  the 
lingual,  or  of  the  glosso-pharyngeal,  continues  to  produce  a  flow  of  salivik 
From  these  experiments  it  is  evident  that  the  chorda  tympani  nerve  is 
the  principal  nerve  through  which  efferent  impulses  proceed  from  the 
centre  to  excite  the  secretion  of  this  gland. 

The  sympathetic  nerve  also  contains  two  sets  of  fibres,  vaso-oonstrictor 
and  secretory.  But  the  flow  of  saliva,  upon  stimulating  the  sympathetic, 
is  scanty,  and  the  saliva  itself  viscid.  At  the  same  time  the  vessels  of 
the  gland  are  constricted.  Tlie  secretory  flbres  may  be  paralysed  by  the 
administration  of  atropine. 

On  the  Parotid  Oland. — The  nerves  which  influence  secretion  in  the 
parotid  gland  are  branches  of  the  facial  (lesser  superficial  petrosal)  and 
of  the  sympathetic.  The  former  nerve,  after  passing  through  the  otio 
ganglion,  joins  the  auriculo-temponil  branch  of  the  fifth  cerebral  nenre^ 
and,  with  it,  is  distributed  to  the  gland.  The  nerves  by  which  the 
stimulus  ordinarily  exciting  secretion  is  conveyed  to  the  medulla  ob- 
longata, arc^  us  in  the  cusc  of  the  submaxillary  gland,  the  fifth,  and  the 
glosso-pharyngeal.  The  pneumogastric  nerves  convey  a  further  stimu- 
lus to  the  secretion  of  saliva,  when  food  has  entered  the  stomach;  thi 
nerve  centre  is  the  same  as  in  the  case  of  the  submaxillary  gland. 

Changea  in  the  Gland  Cells. — The  method  by  which  the  salivary  celk^ 
produce  the  secretion  of  saliva  appears  to  be  divided  into  two  st 
which  differ  somewhat  according  to  the  class  to  which  the  gland  belo 
viz.,  whether  to  (1)  the  true  salivary,  or  (2)  to  the  mucous  type.  In  tbtl 
former  case,  it  has  been  noticed,  as  has  been  already  described, 
during  the  rest  which  follows  an  active  secretion  the  lumen  of  the  alv 
lus  becomes  smaller,  the  gland  cells  larger  and  very  granular.  Du 
secretion  the  alveoli  and  their  cells  become  smaller,  and  the  granolt 
appearance  in  the  latter  to  a  considerable  extent  disappears,  and  at  I 
end  of  secretion  the  granules  are  confined  to  the  inner  part  of  the< 
nearest  to  the  lumen,  which  is  now  quite  distinct  (fig.  239). 

It  is  supposed  from  those  appearances  that  the  first  stage  in  the  i 
of  secretion  consists  in  the  protoplasm  of  the  salivary  cell  taking  i 
^rom  the  lymph  certain  materials  from  which  it  manufactures  the  ( 
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men  is  of  its  own  secretioD,  nnd  which  are  stored  up  in  the  torm  of 
granules  in  the  cell  duriug  rest,  tbo  Becond  stage  consiating  of  the  actual 
discharge  of  these  granules,  with  or  without  previoufi  change.  The 
mules  are  zymogen  granules,  and  represent  tho  chief  suhstance  of  the 
ivary  secretion,  i.e.,  ptyalin.  In  the  case  of  theBubraaxillary  gland  of 
[  dog,  at  any  rate,  the  wympathetic  nerve-fibres  appear  to  have  to  do 
the  first  stage  of  the  process,  and  when  stimukted  the  protoplasm  is 
remely  active  in  mannfactnring  the  granules,  whereas  the  chorda 
apani  is  concerned  in  the  production  of  tlie  second  act,  the  actual  dis- 
rge  of  the  materials  of  secretionj  together  with  a  considerable  amount 
1^ fluid,  the  latter  being  an  actual  secretion  by  the  protoplasm,  as  it 
to  occur  when  atropin  has  been  subcntaneously  injected* 
In  the  mucus-secreting  gland^  the  changes  in  the  cells  during  secre- 
have  been  already  spoken  of.    They  consist  in  the  gradual  secret 


I— Alt eoU  of  true  MlfvAry  gclAnd,    A^  at  rest;  B,  in  the  first  i 
longed  secroiioD .    (Lan  ^ley . ) 


i  of  secretioD  ;  C,  After  pro- 


by  the  protoplasm  of  the  cell  of  a  8ub«tance  called  viucif/en,  which 
I  converted  into  mtwin,  and  discharged  on  secretion  into  the  canal  of 
he  alveoli.     The  mucigen  is,  for  the  most  part,  collected  into  the  inner 
p  of  the  cells  during  rest,  pressing  the  nneleus  iind  the  small  portion 
Lb!  the  protoplasm  which  remains,  against  the  limiting  membrane  of  the 
[  iheoli. 

The  process  of  secretion  in  the  salivary  glands  is  identical  with  that 

of  glands  in  general;  the  cells  which  line  the  ultimate  branches  of  the 

I  dacts  being  the  agents  by  which  the  special  constituents  of  the  saliva 

I  formed.     The  materials  which  they  have  incorporated  with  them* 

rives  are  almost  at  once  given  up  again ,  in  the  form  of  a  fluid  (secre- 

a),  which  escapes  from  the  ducts  of  the  gland;  and  the  cells,  them- 

Jves,  undergo  disintegration — again  to  be  renewed,  in  the  intervals  of 

>  Active  exercise  of  the  fnnctions.     The  source  whence  the  cells  obtain 

materials  of  their  secretion   is  the  bloody  or,  to  ppenk  more  accu- 

;elT,  the  plasma,  which  is  filtered  of!  from  the  circulating  blood  into 

e  interstices  of  the  glands  as  of  all  living  textures. 


The  Tonouk. 


Stfitcture* — The  tongue  is  a  muscnlar  orgnn  covered  by  " 
metnbniiie.  The  iniiscles,  wliich  form  the  greater  part  of  the  sxl 
of  the  tongue  (i/drinxu:  miiscleB)  are  termed  Hnffuales;  and  bj 


Flir.  MO.— Papjllnrfiurfftce  of  the  toa^w.  witti  the  fauces  and  ton»i[«.  1,  1,  ctrcui 
pnift,  in  front  of  2,  tlie  fi:«ran)eii  cftHnim;  3,  fimidforru  pupilln^  i  4,  flhforni  wi<1  conical  p 
tranRverB44  and  nbljaim  rmm^ ;  n,  mucous  glandHBt  the  tia«t''  of  tJiei€itiK*^)«'&hd  In  thefauco; 
8,  jsartof  the f'piKlottis  ;  0  meciUin  glu^aoepfgloitidejiii  fold  (fraenum epiglolUdla).  (From 

which  are  attached  to  the  mucous  raembrane  chiefly,  its  smal 
more  delicate  movements  are  chiefly  performed. 

By  other  niuscles   (exirutsic  muscles),  as  the  genio-hj^oglott 
styloglossus  J  etc.  I  the  tongue  is  fixed  to  surrounding  parts,  and 
group  of  muaclea  its  hirger  movements  are  performed. 

The  mucous  membrane  of  the  tongue  resembles  other  muoou 


tn  eesetitial  points  of  structurt?,  but  contains  papiilm,  more  or 
1  peculiar  to  iteelf ;  jfieculiar,  however,  in  detuils  of  structure  and  ar- 
igecnent,  not  in  their  nature.  The  tongue  is  beset  with  numerous 
BCOU3  foUicles  and  gknds. 

The  larger  papillw  of  the  tongue  are  thickly  set  over  the  anterior 
fo-thirds  of  its  upper  surface,  or  dorsum  (Og.  240),  and  give  to  it  its 
larmeteristic  roughness.  In  carnivorons  animals,  especiuHy  those  of 
DBCftt  tribe,  the  papillae  attain  a  large  size,  and  nre  developed  into 

sharp  recurved  horny  spines.  Such  papillae 
cannot  be  regarded  as  sensitive,  but  they  en- 
able the  tongue  to  play  the  part  of  a  most 
efficient  rasp,  as  in  scraping  bones*  or  of  a 
comb  in  cleaning  fur.  Their  greater  prom- 
inence than  those  of  the  skin  is  due  to  their 
interspaces  not  being  filled  np  with  epithe- 
lium, as  the  interspaces  of  the  papillae  of 
the  skin  are.  The  papilla  of  the  tongue 
present    several    diversities   of    form;    but 


F1|t.  5*1. 


Fig.  048, 


W|.  M.— SectioD  of  a  mucoua  gland  from  the  t^^ngiie.  A,  op<?niii|f  of  the  duct  on  the  fri»«^  sur- 
'  ^.'  C.  b«Mni«iit  membraae  with  nuclei;  B«  C)Attf>ned  i^pithelial  ci'lUi  lininf;  duct  The  duct  divides 
■toienrml  hranchea,  wlik'b  are  coiii^oluted  and  ♦•nd  bltndiv.  t»einu  lined  thr<>uichout  by  coluraoar 
^MNsUum.    £»♦  In" '•"  -  f    •  •-  <if  the  itibuli  at  the  gland,     x  £HX     (Klein  and  NoWe  Swiitli,) 

f^j.  W«^V»M  i  of  a  clreiimvidlttt^  jj^hpHIiv  of  th**  calf     1  and  3.   epitbelial  layere 

ttftrtog  It ;  3,  t«>  4  and  4\  duct  of  seruiiB  eriaud  opening:  out  into  the  pit  m  whJcb  papUlA 

biteted;  5 nod  (.....  i  ^*..-r  i.umiyluf:  within  tht^ {lapilla,    cEnKelmaein.) 


fhree  principal  varieties,  differing  both  in  seat  and  general  characters, 
nay  ugually  be  distinguished,  namely,  the  (1)  eirrumvallatt',  the  (2) 
^nffi/onn,  and  the  (3)  filiform  papillae.  Essentially  these  have  all  of 
lem  the  same  Btmctnre,  that  is  to  say,  they  are  all  formed  by  a  projec- 
Mof  the  mucous  membrane,  and  contnin  special  branches  of  blood- 
■k  and  nerves.  In  details  of  structure,  however,  they  differ  consid- 
wmj  one  from  another. 

The  surface  of  each  kind  is  studded  by  minute  conical  processes  of 
scons  membrane,  which  thns  form  secondary  papilla^ 

(1.)  CVrcttmra/Za^c— These  papillm  (fig. 'M2) ,  eight  or  ten  in  nnm- 
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ber,  are  situate  in  two  V-shaped  lines  at  the  base  of  the  tongue  (1, 1, 
fig.  240).  They  are  circular  elevations  from  ^^^h  to  ^th  of  an  inch 
wide,  (1  to  2  mm.),  each  with  a  central  depression,  and  surrounded  by 
a  circular  fissure,  at  the  outside  of  which  again  is  a  slightly  elevated 
ring,  both  the  central  elevation  and  the  ring  being  formed  of  dose-set 
simple  papillse. 

(2.)  Ftmgiform.'-The  fungiform  papillsB  (3,  fig.  240)  are  scattered 
chiefly  over  the  sides  and  tip,  and  sparingly  over  the  middle  of  the  dor- 
sum, of  the  tongue;  their  name  is  derived  from  their  being  usually  nar- 
rower at  their  base  than  at  their  summit.  They  also  consist  of  groups 
of  simple  papillse  (A.  fig.  243),  each  of  which  contains  in  its  interior  a 
loop  of  capillary  blood-vessels  (B.),  and  a  nerve-fibre. 

(3.)  Conical  or  Filiform. — These,  which  are  the  most  abundant  pa- 
pillsB,  are  scattered  over  the  whole  surface  of  the  tongue,  but  especiallj 


Fiff.  243.  —Surface  and  Hfction  of  the  fungiform  papilUe.  A,  Uie  surface  of  a  fungiform  i 
partially  denudtHi  of  icHe)>i( helium;  p.  secondary'  papilla*:  c,  epithelium.  B,  aectioii  of  a  fun, 
papilla  with  the  1>1(mk1  vcmhcIh  injecte<l  :  a,  artery  ;  t\  vein;  c,  capillary  loops  of  similar  pap 
the  neiKh)K)rinK  Htnietureor  the  toD^cue:  d,  capillaiy  loops  of  the  secondary  papUUe;  e,  f  " 
CFroDi  K«lliker,  after  Todd  and  Bowman.) 


over  the  middle  of  the  dorsum.  They  vary  in  shape  somewhat,  but  for 
the  most  part  are  coniwil  or  filiform,  and  covered  by  a  thick  layer  of 
epidermis,  which  is  arranged  over  them,  either  in  an  imbricated  manner, 
or  is  prolonged  from  their  surface  in  the  form  of  fine  stiff  projectiooi^ 
hair-like  in  appearance,  and  in  some  instances  in  structure  also  (fifi 
244).  From  their  peculiar  structure,  it  seems  likely  that  these  papilto 
have  a  mechanical  function,  or  one  allied  to  that  of  touch  rather  than 
of  taste ;  the  latter  sense  being  probably  seated  especially  in  the  other 
two  varieties  of  papillae,  the  circumvallate  and  the  fungiform. 

The  epithelium  of  the  tongue  is  stratified  with  the  upper  layers  of 
the  squamous  kind.  It  covers  every  part  of  the  surface;  but  over  the 
fungiform  papillae  forms  a  thinner  layer  than  elsewhere.  The  epithelium 
covering  the  filiform  papillae  is  extremely  dense  and  thick,  and,  as  before 
mentioned,  projects  from  their  sides  and  summits  in  the  form  of  lon& 
stiff,  hair-like  processes  (fig.  244).  Many  of  these  processes  bear  a  doee 
resemblance  to  hairs.    Blood-vessels  and  nerves  are  supplied  freely  to 
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pillsp.  The  nerves  in  the  fungiform  and  circnmYallate  papillaB 
kind  of  plexus,  spreading  out  broshwise  (fig.  24r4)»  but  the  exact 
if  teriDinatioa  of  the  nerve-fikraents  is  nob  certainly  known. 
he  cireumvallate  papillae  of  the  tongue  of  mitn  peculiar  stme- 
owQ  as  gttalaiory  buds  or  tasie  goMeiSf  have  been  discovered, 
of  an  oval  shape,  and  consist  of  a  number  of  closely  packed, 

YQYj  narrow  and  fusiform,  cells 
{gusiaiory  cells).  This  cent  ml 
core  of  gustatory  cells  is  in- 
closed in  a  single  layer  of 
broader  fusiform  cells  {incas- 
ing celh).  The  gustatory  cells 
terminate  in  fine  spikes  not 
unlike  cili?i,  which  project  on 
the  free  surface  (fig.  245  a). 

These  bodies  also  occur  side 
by  side  in  considerable   num- 
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-Two  dUiform  papLlioB,  one  with  epithGliimi,  the  oilier  without,    -y.— d,  the  subBt&ac«  of 
I  dividing-  lit  thflp  upjM*r  eactremltSrs  into  ften'ontlary  papillici :  a,  art*?ry,  and  d^  vein, 
*-   apillary  loops  ;  r,  epitbeliiil  covtrinR,  InminAifHl  Wwft^n  thr  p/ipille*.  but  extended 
■^ -,/,  from  tbo  extJ^mitlt^  t-f  the  is«?coudflry  jTftpillfp.    rprtjm  KtiUlker.  after 


» those 


Koblet  t 


„ i  from  dog^ft epiglottic  (larynReal  surfact^  near  tlio  ha^te^,  pr<?ctaelY  dnnllar 

s  found  in  the  toof^e.    a,  deprCTsi«n  in  epitliellum  over  g^iblet;  ijekiw  tiie  lettf  r 

» ftDehairlLke  proce«st4i  In  which  the  cells  terminate  \  e.  two  nuclei  of  the  axial  (f^ruHta- 
Itie  more superfteiAl  tiucleJ  belon*?  t/>  the  miperdcial  (incasing)  ceUa  ;  the  eonverging 

)  the  fuidform  shape  of  the  IncBAlDg  cells,    x  400.    (Hchofleld.) 


the  epithelium  of  the  papilla  foliata,  which  is  situated  near  the 
the  tongue  in  the  rabbit,  and  also  in  man.  Similar  taste-gobleta 
len  observed  on  the  posterior  (laryngeal)  surface  of  the  epiglottis. 

The  PHARYifx. 

I  portion  of  the  alimentary  canal  which  intervenes  between  the 
pmd  the  oesophagus  is  termed  the  Pharynx.  It  will  suffice  here 
ion  that  it  is  constructed  of  a  series  of  three  muscles  with  stri- 
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ftted  fibres  {ron^frietoTs),  which  are  covered  by  a  thin  fascia  extemaUj, 
and  are  Hned  tnterntilly  by  a  Btrong  fascia  (pharyngeal  aponeuroeis),  oa 
the  inner  aspect  of  which  i&  areolar  (iubmucoua)  tisane  and  muoona 
membrane,  continuous  with  that  of  the  mouth,  and,  ag  regards  the  pari 
concerned  in  swullowing,  is  identical  with  it  in  general  stmcture.  The 
epithelium  of  this  part  of  the  pharynx,  like  that  of  the  month,  is  strati- 
Oed  and  squamous. 

The  pharynx  is  well  supplied  with  mucous  glands  (fig,  241), 
Between  the  anterior  and  posterior  arches  of  the  soft  palate  are  sil- 
nated  the  Tomih,  one  on  each  gide.     A  tonsil  consists  of  an  eleration 
of  the  mucous  membruue  representing  12  to  15  orifices^  which  lead  into 


V 


») 


FiR.JMfi. 


rfirwr. 


Fig.  a46.-'UQfnia]  follicl©  or  crypt,    a,  InTolutic^n  of  m\iroua  menibmne  willi  lt«  fkapflte; 
JTiDDihold  tiniim,  with  mvtni  IrmpWd  mcs.     (Fc^y.)  _ 

rig.  247  —  Vertical  Bectioii  tliruyifh  a  crypt  of  tbH  hiimnu  ttioidl,  1,  entranc*?  to  t3i«  crypt ;  S  ioa  I 
S*  the  framework  or  adenoid  tisMie;  4»  ikm  including  flbroua  tittiue ;  a  And  b,  Ijrmptuidc  folUdni;  »| 
mud  0,  bloi>d-Teaael«.     CS^tr^br.) 


crypta  or  recesses,  in  the  walls  of  which  arc  placed  nodules  of  ade 
or  lymphoid  tissue  (fig.  247).     These  nodules  are  enveloped  in  a  \ 
dense  adenoid  tissue  whieh  reaches  the  mucous  surface.     The  surfaojj 
is  covered  with  etmiifled  sqnamons  epithelium,  and  the  subepithelial  orj 
mncons  membrane  ]iroper  may  present  rudimentary  papillae  formed  of  I 
adenoid  tissue.     The  tonsil  is  bounded  by  a  fibrous  capsnle  (fig,  247t4)« 
Into  the  crypts  open  the  ducts  of  numerous  muoous  glands. 

The  viscid  secretion  which  exudes  from  the  tonsils  serves  to  lubrin 
cate  the  bolus  of  food  a^  it  passes  them  in  the  second  part  of  the  act  of] 
deglutition. 
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The  CEsophagus  ok  Gullet. 

The  CEsophagus  or  Gullet,  the  Barroweat  portion  of  the  alimentary 
caoaly  is  a  muscular  and  mncous  tube,  nine  or  ten  inches  in  length,  which 
extends  from  the  lower  end  of  the  pharynx  to  the  cardiac  orifiee  of  the 
etomiich. 

Structure. — The  cesophiigUB  is  made  up  of  three  coata — viz.,  the 
outer,  ffinscular;  the  middle,  submucous;  and  the  inner,  mneous.  The 
muscular  coat  is  covered  externally  by  a  varying  amount  of  loose  fibroutj 
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.    948.— Tfansverse  i«rtlon  of  th«^  huniaTi  cBfsophagufi.    a,  FtbrouscoverluK;  h,  lonjrltudfnftl 
vniajr  flbns*;  c,   tmnaverBe  niuscular  flibrea;   (f»  areolor  or  »iibmUGoiift  coat-   «•,   umacularls 
e;  /,  luiicouH  tupmbrtitie,  wlrb  part  of  «  lymphoid  uodult^;  g,  9tratJf!«d  eiiLmellal  llmiDi; ;  ft, 
ig't&ml;  i,  slAtid  duct;  m\  strintud  uiufleli?  fibres.    (V.  Horslej,) 

tiafiue.  It  is  composed  of  two  layers  of  fibres,  the  outer  being  arranged 
lougitTidiually,  and  tbe  inuer  circularly.  At  the  upper  part  of  the  cesoph- 
ifQs  this  coat  is  made  up  principally  of  striated  muscle  fibres,  as  they 
»re  continuous  with  the  constrictor  muscles  of  the  pharynx;  but  lower 
down  the  unstriated  fibres  become  more  and  more  numerouSjand  toward 
the  end  of  the  tube  form  the  entire  coat.  The  muscular  coat  is  con- 
nected with  the  mucous  coat  by  a  more  or  less  devehjped  layer  of  areolar 
e,  which  forms  the  suhmnconA  coat  (fig.  248,/),  in  which  is  con- 

aed  in  the  lower  half  or  third  of  the  tube  many  mucous  glands,  the 
lict«  of  which,  passing  through  the  mucous  membrane,  open  on  itssur- 

B.     Separating  this  coat  from  the  mucous  membrane  proper  is  a  well- 
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developed  layer  of  longitudinal,  unstriated  mascle,  called  the  muiculari 
mucoscB,  The  mucous  membrane  is  composed  of  a  closely  felted  mesh 
work  of  fine  connective  tissue,  which,  toward  the  surface,  is  elevated  int 
rudimentary  papillae.  It  is  covered  with  a  stratified  epithelium,  a 
which  the  most  superficial  layers  are  squamous.  The  epithelium  is  ar 
ranged  upon  a  basement  membrane. 

In  newly-born  children  the  mucous  membrane  exhibits^  in  man] 
parts,  the  structure  of  lymphoid  tissue  (Klein). 

Blood-  and  lymph-vessels,  and  nerves,  are  distributed  in  the  walls  ol 
the  oesophagus.  Between  the  outer  and  inner  layers  of  the  muscalsi 
coat,  nerve-ganglia  of  Auerbach  are  also  found  (fig.  264). 

Deglutition. 

When  properly  masticated,  the  food  is  transmitted  in  successive  p» 
tions  to  the  stomach  by  the  act  of  deglutition  or  swallowing.  The  fol- 
lowing account  of  deglutition  is  based  upon  the  researches  of  Krouecker 
and  Meltzer,  whose  experiments  seem  to  disprove  the  earlier  theory  of 
Magendie:  I 

The  mouth  is  closed,  and  the  food  is  rolled  after  thorough  mixingj 
with  the  saliva  into  a  bolus  on  the  dorsum  of  the  tongue.  The  tip  <0 
the  tongue  is  pressed  upward  and  forward  against  the  hard  palate,  thoi^ 
shutting  off  the  anterior  part  of  the  mouth  cavity.  The  mylo-hydd^ 
muscles  then  suddenly  contract,  the  bolus  of  food  is  put  under  greiM 
pressure,  and  shot  backward  and  downward  through  the  pharynx  and' 
oesophagus  to  the  cardiac  orifice  of  the  stomach.  Coincidently  with  tbi 
contraction  of  the  mylo-hyoid  muscles,  the  hyoglossi  are  thrown  ioM 
action,  drawing  the  tongue  backward  and  downward,  not  only  increadi)! 
the  pressure  upon  the  food,  but  forcing  the  epiglottis  over  the  glottkJ 
and  thus  closing  the  larynx.  The  interval  of  time  between  the 
niencemeut  of  the  act  of  deglutition  and  the  arrival  of  the  food  at 
cardiac  orifice  of  the  stomach  is  not  more  than  0.1  second.  Usaally 
food  remains  at  the  cardiac  orifice  without  entering  the  stomach  unl 
the  first  pare  of  the  act  of  swallowing  is  reinforced  by  the  subseqn* 
contraction  of  the  constrictors  of  the  pharynx  and  the  passage  of  a  peri< 
staltio  wave  down  the  oesophagus.  This  wave,  reaching  the  cardiac 
fice  about  6  seconds  after  the  commencement  of  the  act  of  deglutitii 
forces  the  food  into  the  stomach,  the  sphincter  having  previously 
laxed.  In  some  cases,  however,  the  food  is  not  stopped  at  the  cards 
orifice,  but  is  sent  through  the  relaxed  sphincter  by  the  original  force 
the  mylo-hyoid  contraction. 

In  man  the  oesophagus  contracts  in  three  separate  segments — ^1 
first  segment  lying  in  the  neck  and  being  about  6  centimetres  long, 


POOO   AND    DIOE8TIOK, 


353 


ad  beiDg  the  next  10  centimetrea  of  the  tube,  and  tb©  third  the  re- 
in iog  portion  to  the  stouiacli. 

I  The  act  of  Bwdlowing  eoDBists,  then,  of  the  contraction  in  eeqiience 
Ite  muscle-segmenta:  the  mylo-hyoidBj  the  conatrictora  of  the  phur- 
aod  the  three  eegmeDts  of  the  a^aophagua.     The  computed  time  of 
[^tioD  is  as  folio wa: 

Beoond*, 
ction  of  inylo-liyoid«  and  conBtrlctors  of  the  pharynx         .        ,        ,        .0.8 
BUactioD  of  the  first  part  of  the  oe&ophagus  .....*,       0.0 
cti  an  of  the  second  part  of  the  ciBaophagiis  *         *        ,        .         .        .         «  1.8 
ctton  of  the  third  part  of  the  03sophagu&         «.        .        .        .        .        ,3.0 


0.0 


If 


Becond  attempt  at  swallowing  be  made  before  the  firat  has  been 

ted  (that  isj  before  6  seconds  have  elapsed )»  the  remaining  portion 

first  act  18  inhibited,  and  the  contraction  wave  reaches  the  stomach 

nds  after  the  commencenient  of  the  second  act. 

In  addition  to  the  above,  the  following  facts  most  be  noted: 

During  the  act  of  deglntition  the  posterior  nares  are  closed  through 

action  of  the  levator  palati  and  tensor  palati  mnscles,  which  raise 

Tel  urn;  the  palato-phsryngei,  drawing  the  posterior  pillara  of  the 

together;  and  the  azygos  nvtilae,  which  raises  the  uvola^thtia 

[g  a  complete  curtain.     Otherwise  the  food  would  pass  into  the 

IS  happens  in  the  case  of  cleft  palate.     At  the  aame  time  the  lar^ 

18  closed  by  the  adductor  muacles  of  the  vocal  cords  and  the  descent 

the  epiglottis,  the  larynx  being  drawn  upward  as  a  whole  through  the 

of  the  mylo-hyoid,  gonio-hyoid,  thyro-hyoid,  and  digastric  mue- 

Tbe  presence  of  the  epiglottis  is  not  necessary  for  the  completion 

the  act  of  deglutition. 

ytrvouH  Mtuhanisnh^Tlm  nerves  enguged  in  tlie  reOex  act  of  deglu- 

&reisemortf,  brunches  of  the  fifth  cerebral  supplying  the  soft  pal- 

glosao-pharyngeal,  supplying  the  tongue  and  pharynx;  the  superior 

branch  of  the  vagus,  supplying  the  epiglottis  and  the  glottis; 

the  molar  fibres  concerned  are :— branches  of  the  fifth,  supplying 

of  the  digjistric  and  mylo-hyoid  muscles,  and  the  muscles  of  maati- 

in;  the  facial,  snpply in g  the  levator  palati;  the  glosso-plmryngeal, 

^►plying  the  muscles  of  the  pharynx;  the  vague,  supplying  the  muscles 

the  larynx  through  the  inferior  laryngeal  bniuch,  and  the  hypogloa- 

innacles  of  the  tongue.     The  nerve-centre  by  which  the  muscles 

monized  in  their  action,  is  situate  in  the  medulla  oblongata*     In 

iao¥6ments  of  the  ceaophagus,  the  ganglia  contained  in  its  walla, 

'i  the  pneumo-gastrica^,  are  the  nerve-stracturea  cliiefly  concerned. 

't  is  important  to  note  that  the  swallowing  both  of  food  and  drink  is 

Lscnlar  act,  and  can,  therefore,  take  place  in  opposition  to  the  force 

jiivily-     Thus,  horses  and  many  other  animals  habitually  drink  up- 

,  and  the  same  feat  can  be  performed  l>y  jugglera, 
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Thb  Stomach. 

In  man  and  those  Mammalia  which  are  proYided  with  a  single  8 
ach,  it  consists  of  a  dilatation  of  the  alimentary  canal  placed  be 

and  continuous  with  the  OBSophagus, 
which  enters  its  larger  or  cardiac 
end  on  the  one  hand,  and  the  small 
intestine,  which  commences  at  its 
narrowed  end  or  pylorus,  on  the 
other.  It  varies  in  shape  and  size 
according  to  its  state  of  distention. 

Structure. — The  stomach  is  com- 
posed of  four  coats,  called  respec- 
tively— (1)  an  external  or  peritoneal, 
(2)  muscular,  (3)  submucous,  and 
(4)  mucous  coat;  with  blood-vessels, 
lymphatics,  and  nerves  distributed 
in  and  between  them. 

(1)  The  peritoneal  coat  has  the 
structure  of  serous  membranes  in 
general,  as  has  been  described.  (2) 
The  muscular  coat  consists  of  three 
separate  layers  or  sets  of  fibre,  which, 
according  to  their  several  directions, 
are  named  the  longitudinal,  circular, 
and  oblique.  The  longituduial  set 
are  the  most  superficial:  they  are 
continuous  with  the  longitudinal 
fibres  of  the  cosophagus  and  spread 
out  in  a  diverging  manner  over  the 
cardiac  end  and  sides  of  the  stom- 
ach. They  extend  as  far  as  the  py- 
lorus, being  especially  distinct  at 
the  lesser  or  upper  curvature  of  the 
stomach,  along  which  they  pass  in 
several  strong  bands.  The  next  set 
are  the  circular  or  transverse  fibres, 
which  more  or  less  completely  en- 
circle all  parts  of  the  stomach ;  they 
are  most  abundant  at  the  middle  and  in  the  pyloric  portion  of  1 
gan,  and  form  the  chief  part  of  the  tliick  projecting  ring  of  the  p; 
These  fibres  are  not  simple  circles,  but  form  double  or  figure-of-8 
the  fibres  intersecting  very  obliquely.      The  next,  and   conseq 


Fig.  849.— From  a  vertloftl  netion 
the  muooiu  membrane  of  the  oardii 
■tomach.  Two  peptic  glaodM  are  shoi 
duct  common  to  both,  one  arland  onli 
a,  duct  with  oolunmar  epnbettum  d 
shorter  as  the  cells  are  traced  down^ 
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set  of  fibres,  are  the  oMiqne^  contiuiious  with  the  circular  nms- 
fibres  of  the  ceaophagna,  and  having  the  same  double-looped  ar- 
igemeut  that  prevails  in  the  precediDg  layer:  they  are  comparatively 
in  number,  and  are  placed  ouly  at  the  cardiac  orifice  and  portion  of 
t  stomach,  over  both  surfaces  of  which  they  are  epreaJ^  eonie  passing 
nely  from  left  to  right,  others  from  right  to  left,  around  the  cardiac 
to  which,  by  their  interlacing,  they  form  a  kind  of  Bphincter, 
BtiDtions  with  that  around  the  lower  end  of  the  oesophagus*  The 
liar  fibres  of  the  stomach  and  of  the  iutestinal  canal  sltb  unstriated^ 
composed  of  elongated,  spindle-shaped  fibre-cells. 
(3)  and  (4)  The  miieous  nittnhrane  of  the  stomach,  which  rests  upon 
[lajper  of  loose  cellular  membrane,  or  mbmtccous  tissue.,  is  smooth, 
Boft,  and  velvety;  of  a  pale  pink  color  during  life,  and  in  the  con- 
ed state  thrown  into  numerous,  chiefly  longitudimtl,  folds  or  rugLB, 
ich  disappear  when  the  orgjin  is  distended. 
The  basis  of  the  mncous  membrane  is  a  fine  connective  tissue,  which 


.4 


HHiTci ■*  Mctlou  thmueh  tower  part  of  peptfe  firtiuidj  of  a  cat-    a,  peptic  ceUs;  fr, 
xpherotdal  or  cubical  cells;  c,  transvc^rse  flection  of  eaplllarlea.    (Frey.) 

ches  closely  in  etrncture  to  adenoid  tissue;  this  tissue  supports 

i  tubiiliir  glands  of  which  the  superficial  and  chief  part  of  the  mucous 

nbnme  is  composed,  and  p^issing  up  between  them  assists  in  binding 

together.     Ilere  and  there  are  to  he  found  in  this  coat,  immedi- 

d\    underneath    the   glantls,   masses   of    adenoid    tissue   snfliciently 

Ited  to  be  termed  by  some  lymphoid  follicles.     The  glands  are  sepa- 

j  from  the  rest  of  the  mncous  memhrsme  by  a  very  fine  liomogene- 

Bment  membrane. 
itho  deepest  part  of  the  mncous  membrane  are  two  layers  (circu- 
longittidinal)  of  nnstripcd  muscular  fibres,  called  the  mitj^enlaru 
IT,  which  separate  the  mucous  membrane  from  the  scanty  suh- 
Dd  tisBue. 

^ben  examined  w^ith  a  lens,  the  internal  or  free  surface  of  the  stom- 
LpreMntfi  a  peculiar  honeycomb  appearance,  produced   by  shallow 
fDnal  depressions^  the  diameter  of  which  varies  genendly  from  ^^^^th 
\  th  of  an  inch  (about  125/i)  ;  but  near  the  pylorus  is  as  much  as 
,  of  an    inch   (250,«),     They  are   separated   by   slightly    elevated 
which  sometimes,  especially  in  certain  morbid  states  of  the  stom- 
minute^  narrow  vascular  processes,  which  look  like  villi,  and 
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have  given  riso  to  the  errooeoua  supposition  that  the  etomaci 
abeorbing  vilti,  liko  tho&e  of  tho  small  intestiDes*  In  the  boito 
these  little  pita^  and  to  some  eitent  between  tbem,  minute  openiii^ 
visible,  wbich  are  the  orifices  of  the  ducts  of  perpendicularly  arr4 
tubidar  gfaiids  (fig.  249),  imbedded  side  by  side  in  seta  or  bundkl 
the  surface  of  the  mucous  membrane,  and  composiug  nearly  the  if 
structure.  I 

The  glands  of  the  mucous  membrane  are  of  two  Tarieties,  (a)  Can 
(b)  Pyloric,  1 

(a)  CurdiaG  glikud^  are  fouDd  throughout  the  whole  of  the  en 
s.<rrxai7j.     j3t^        eod  of  the  stomach.      They  are  arr«i 
in  groups  of  four  or  five,  which  araj 
arated  by  a  fine  connective  tissue,    f 
or  three  tubes  often  open  into  one  i 


Flg.KI. 


n«,ss«. 


F1|r. »!.— Section  RhowliiB"  the  pyloric  Rlandit.    jr,  fr«e  fiurface;  d,  iluct«  of  Djloric  gk 
neck  of  s^mo;  m,  tlw  iflami  Aiveolf ;  mm,  Tiiusculnris  mticaaie.    (Kliota  and  Nobltn  Bioltb.  i 

F%i  S52.  -Plan  of  tbt^  blc»od-ve8*el«  of  the  stoumoh,  oui  tboj  would  be  fseen  in  a  verticti 
a,  arterlet,  posslug  up  frnm  the  TeMel*  of  mibiuucoufi  coat;  h,  capillaries  bnanclitiigb 
■round  the  tuhea;  <:«  superficial  plnnui  of  u^plllarie^oetMipyinc'thorkJjTeaof  the  muocnni 
d.  rein  formed  by  the  uEion  of  Tieltt»  which,  fiAvUig  collect^  tho  blood  of  tbo  superfldal 
pfexua,  ane  seen  iHiaainiC  dovrti  botweea  tbti  lul>^.    (Brliitoti.) 

which  forms  about  a  third  of  the  whole  length  of  the  tube  and  opei 
tho  surface*  The  ducts  are  linod  with  columnar  epithelium,  (M 
gland  tube  proper,  i.e.,  tho  part  of  the  gland  below  the  duct,  the 
third  is  the  yieck  and  the  rest  the  hodt/.  The  neck  is  narrower  thai 
body,  and  is  lined  with  granular  cubical  cells  which  are  continuoua 
the  columnar  colls  of  the  duct.  Betw^een  these  cells  and  the  meinl 
propria  of  the  tubes,  are  large  oval  or  Bpherical  cells,  opaque  or  grU 
in  appearance,  with  clear  oval  nuclei,  bulging  out  the  membrani 
pria;  these  cells  are  called  oxyiitlc  or  parietal  cells.  They  do  not 
a  continuous  layer.     Tho  body,  which  is  broader  than  the  neck  an< 
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i  in  a  blind  extremity  or  fundus  near  the  mnacularia  mucosae,  ie 

by  c^lls  contiiuioim  with  the  cubical  or  ceotra!  cells  of  the  neck, 

it  longer,  more  columuar  and  more  trans  parent.     In  this  part  are  a 

parietal  cells  of  the  same  kind  as  in  the  neck  (6g.  249), 

As  the  pylorus  is  approached  the  gland  dncta  become  longer  and 

tube  proper  becomes  eborter,    aud    occasionally  branched   at   the 

adns. 

(h)  Pyloric  Glands. — These  glands  (fig.  251)  liavo  much  longer  ducts 

the  peptic  glands.     Into  each  duct  two  or  three  tubes  open  by 

[abort  and  narrow  Decks,  and  the  body  of  each  tube  is  branched, 

and  convoluted.     The  lumen  is  very  large.     The  ducts  are  lined 

oolaiDDar  epitheliym,  and   the  neck  and   body  with  shorter  and 

i  granular  cubical  cells,  which  correspond  with  the  central  cells  of 

kcardiaa  glands.     During  secretion  the  cells  become,  as  in  the  case  of 

leardiac  glands,  larger  and  the  granules  restricted  to  the  inner  zone 

f  tlie  cell.     As  they  approach  the  duodennm  the  pyloric  glands  become 

BT,  more  convoluted  and  more  deeply  situated*     They  are  directly 

itinnons  with  Brunner's  glands  in  the  duodenum.      (Watney.) 

Changes  in  the  gland  cells  during  sevreiiotL — The  chief  or  cubical 
lb  of  the  cardinc  glands*  and  the  corresponding  cells  of  the  pyloric 
ids  dnring  the  early  stage  of  digestion,  if  hardened  in  alcohol,  appear 
Hen  and  granular,  and  stain  readily.     At  a  later  stage  the  cells  be- 
ne smaller  and  less  granular,  and  stain  even   more  readily.      The 
il  cells  swell  op,  but  are  otherwise  not  altered  during  digestion. 
!  granules,  however,  in  the  alcohol-hardened  specimen,  are  believed 
to  exist  in  the  living  cells,  but  to  have  been  precipitated  by  the 
lening  reagent  j  for  if  examined  during  life  they  appear  to  be  con- 
to  the  inner  zone  of  the  cells,  and  the  outer  zone  is  free  from 
itUes,  whereaa  during  rest  the  cell  is  granular  throughout.     These 
tmles  are  thought  to  be  pepsin,  or  the  substance  from  which  pepsin 
aed,  pejssinogeuj  which  is  during  rest  stored  chiefly  in  the  inner 
!  of  the  cells  and  discharged  into  the  lumen  of  the  tube  dnring 
etion.     (Langley.) 
Lymphaiu's* — Lymphatic    vessels    surround    the    gland   tubes  to  a 
iter  or  less  extent.     Toward  the  fundus  of  the  peptic  glands  are 
Knd  masses  of  lymphoid  tissue  which  may  appear  as  distinct  follicles, 
rwhat  like  the  solitary  glands  of  the  small  intestine* 
B^n^^d-msseU. — The  blood-vessels  of  the  stomach,  which  first  break 
I  in  the  sub-mucous  tissue,  send  branches  upward  between  the  closely 
ked  glandular  tubes,  anastomosing  around  them  by  means  of  a  fine 
'*Jary  network,  with  oblong  meshes.     Continuous  with  this  deeper 
OS,  or  prolonged  upward   from  it,  so  to  speak,  is  a  more  superficial 
•ork  of  larger  capillaries,  which  branch  densely  around  the  orifices 
ne  tubes,  and  form  the  framework  on  which  are  moulded  the  small 
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elevated  ridges  of  muoous  membrane  bounding  the  minute,  poljgixud  pi 
before  referred  to.  From  this  superficial  network  the  veins  chiefly  til 
their  origin.  Thence  passing  down  between  the  tubes,  with  no  veiy  tm 
connection  with  the  deeper  inter-tubular  capillary  plexus,  they  opi 
finally  into  the  venous  network  in  the  submucous  tissue. 

Nerves, — The  nerves  of  the  stomach  are  derived  from  the  pneumoga 
trie  and  sympathetic,  and  form  a  plexus  in  the  sub-mucous  and  muBodl 
coats  containing  many  ganglia  (Remak,  Meissner). 

Gastric  Juice. 

t 

The  functions  of  the  stomach  are,  (:i)  to  afford  storage  for  the  isd 
until  it  can  be  taken  up  for  digestion  and  absorption  by  the  intestines;' 
to  secrete  a  digestive  iluid,  the  gastric  juice,  to  the  action  of  whidi  I 
food  is  subjected  after  it  has  entered  the  cavity  of  the  stomach  from  \ 
oesophagus ;  (c)  to  thoroughly  incorporate  the  fluid  with  the  food 
means  of  its  muscular  movements ;  and  (d)  to  absorb  such  substanoei 
are  ready  for  absorption.  It  is  not  essential  to  life  as  has  been  shown 
successful  i*eiuoval  of  the  stomach ;  but  in  such  cases  food  has  to  be  (pvi 
in  small  quantities  f  i*equently  until  a  secondary  dilatation  of  the  ini 
has  formed  and  can  act  as  a  place  of  storage.  While  the  stomach 
tains  no  food,  and  is  inactive,  no  gastric  fluid  is  secreted ;  and  mueM 
which  is  either  neutral  or  slightly  alkaline,  covers  its  surface.  But 
mediately  on  the  introduction  of  food  or  other  substance,  the  moMi 
membrane,  previously  quite  pale,  becomes  slightly  turgid  and  reddeiM 
with  the  influx  of  a  larger  quantity  of  blood;  the  gastric  glands oofl 
mence  secreting  actively,  and  an  acid  fluid  is  poured  out  in  minute  dropi| 
which  gradually  run  together  and  flow  down  the  walls  of  the  stomach,  01 
soak  into  the  substances  within  it. 

Chemical  Cnmjtosifloti. — The  first  accurate  analysis  of  gastric  j 
was  made  by  l^rout :  but  it  does  not  appear  to  have  been  collected  in 
large  quantity,  or  pure  and  separate  from  food,  until  the  time  when 
mont  was  enabled,  by  a  fortunate  circumstance,  to  obtain  it  from  the 
ach  of  a  man  named  St.  Martin,  in  whom  there  existed,  as  the  result 
a  gunshot  wound,  an  opening  leading  directly  into  the  stomach,  near 
upper  extremity  of  the  great  curvature,  and  three  inches  from  the 
orifice.     The  introduction  of  any  mechanical  irritant,  such  as  the  bulb 
a  thermometer,  into  the  stomach,  through  this  artificial  opening,  ex( 
at  once  the  secretion  of  gastric  fluid.     This  was  drawn  ofT,  and  was 
obtained  to  the  extent  of  nearly  an  ounce.     The  introduction  of 
tary  substances  caused  a  much  more  rapid  and  abimdant  secretion 
did  other  mechanical  irritants.     No  increase  of  temperature  could  be 
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tted  during  the  most  active  secretion ;  the  thennometer  introduced  into 
stomach  always  stood  at  37.8°  C.  (100°  F.)  except  during  museular 
lextion,  when  the  temperature  of  the  stomach,  like  that  of  other  parts 
\  the  body,  rose  ooe  or  two  degrees  higher. 
The  chemical  eompositiou  of  huumn  gastric  juice  has  been  also  inves- 
ited  by  Schmidt.  Tlie  fluid  iu  this  case  was  obtained  by  means  of  an 
[dental  gastric  fistula,  which  existed  for  several  years  below  ilie  left 
ary  region  of  a  patient  between  the  cartilages  of  the  ninth  and  tenth 
The  mucous  membrane  was  excited  to  action  by  the  introduction  of 
hard  matter,  such  as  diy  peas,  and  the  secretion  was  removed  by 
of  an  elastic  tube.  The  fluid  thus  obtained  was  found  to  be  acid, 
pid,  odorless,  with  a  mawkish  taste — with  a  specific  gravity  of  1002 
10.  It  contained  a  few  cells,  seen  with  the  microscope,  and  some 
granular  matUr.  The  analysis  of  the  fluid  obtained  in  this  way  is 
below.  Essentially  it  is  a  weakly  acid  fluid  containing  hydro- 
iric  acid  and  two  enzymes,  ]iepsin  and  rennin,  with  possibly  a  third 
).  The  gastric  juice  of  dogs  and  other  aninnds  obtained  by  the 
action  into  the  stomach  of  a  clean  sponge  through  an  artificially 
gastric  fistula,  shows  a  decided  difference  in  comiiosition,  but  pos- 
this  is  due,  at  h  ast  in  part^  to  admixture  with  food. 


CHEMICAL  CUMPUHirTluN   OF   GAftTRiC  JflCE. 
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Solids— 

Frrmcnt— Pepsin 17>5 

nvtlrocUloric*  ttcid  (free) 2.7 

Calcium,    WMliuni,   ami   ixstiiKsium,    tlilurliles;    siikI 

calcium,  umgoesiinu,  nml  iron,  ])]iiis]ihiiit'8   .         .        8.57 


fniman. 


.2 


be  fjuantifi/  of  gastric  juice  secreted  daily  has  been  variously  e*sti* 
pd;  but  the  average  for  a  healthy  adult  may  be  assumed  to  range 

teu  to  twenty  pints  in  the  twenty-four  hours.     The  acidity  of  the 

is  due  to  free  lif/drwhlorie  amd^  although  other  acids,  r*./y,,  litrtic^ 
r,  butrjrity  are  not  infrequently  to  be  found  therein  as  products  of 
tic  digestion  or  abnormal  fermentation.      In  bralthy  gastric  juice  the 

at  of  free  hydrochloric  acid  is  usually  ah^iut  t).lf  jicr  cent,  but  may 
much  as  0.3  per  cent.     In  pathological  conditions  it  may  be  eir 

f  absent,  or  may  amount  to  (}S\  per  cent,  or  even  moi**^, 
?Te  is  but  little  doubt  that  hydrochloric  acid  is  the  proper  acid  of 

by   gastric  j nice >  and  various  tests  have  been  used  to  prove  this; 

of  thefte  depend  upon  changes  produced  in  aniline  eohnjs  ly  the 
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action  of  hydrochloric  acid,  even  in  minute  traces,  whereas  lactic 
other  organic  acids  have  no  such  action.  Pepsin  will  act  with  } 
phoric,  lactic,  and  oxalic  acids,  as  proven  by  laboratory  experiments, 
the  best  results  are  obtained  with  hydrochloric  acid.  Of  these  teste 
following  may  be  mentioned. 

An  aqueous  alkaline  solution  of  00  tropceolin^  a  bright  yellow  dyi 
turned  red  on  the  addition  of  a  minute  trace  of  hydrochloric  acid; 
aqueous  solutions  of  methyl  violet  and  gentian  violet  are  turned  Uoe 
der  the  same  circumstances.  The  lactic  acid  sometimes  present  in 
contents  of  the  stomach  is  derived  partly  from  the  sarcolactic  acid 
muscle,  and  partly  from  lactic  acid  fermentation  of  carbohydrates.  La 
acid  (C,Hp,),  if  present,  gives  the  following  test.  A  solution  of  10 
of  a  4  per  cent  aqueous  solution  of  carbolic  acid,  20  cc.  of  water,  and 
drop  of  liquor  ferri  perchloridi  is  made,  forming  a  blue-colored  mixt 
a  mere  trace  of  free  lactic  acid  added  to  such  a  solution  causes  i 
become  yellow,  whereas  hydrochloric  acid  even  in  large  amount 
bleaches  it. 

The  proteid  matter  in  the  food  combines  with  part  of  the  hj 
chloric  acid,  which  is  then  known  as  com&ined  acid  and  does  not  re< 
litmus  paper.  As  this  combination  is  immediate,  it  follows  that  no 
acid  is  found  in  the  gastric  contents  until  the  amount  secreted  is : 
than  enough  to  saturate  the  various  albuminous  affinities.  It  is  for 
reason  that,  as  already  mentioned,  salivary  digestion  may  contini 
the  stomach  for  some  time  after  the  commencement  of  gastric  diges 
According  to  Ehrlich  the  amount  necessary  to  saturate  the  affiniti 
100  grammes  of  various  articles  of  diet  is  as  follows : 

Beef  (boiled) 2.0  grammes  of  pure  HCL 

Mutton  (boiled) 1.9        " 

Veal  (boiled) 2.2        ** 

Pork  (boiled) 1.6        " 

Ham  (boiled) 1.8        " 

Sweatbread  (boiled)      ....  0.9        " 

Wheat  bread 0.8        ** 

Rye  bread 0.5        ** 

Swifw  cheese 2.6        **  **  ** 

Milk  (100  cc.)        ....        0.82-0.42** 

As  regards  the  formation  of  pepsin  and  acid,  the  former  is  pro( 
by  the  central  or  chief  cells  of  the  cardiac  glands,  and  also  most  1 
by  the  similar  cells  in  the  pyloric  glands ;  the  acid  is  chiefly  found  i 
surface  of  the  mucous  meiubrane,  but  is  in  all  probability  formed  t 
parietal  cells  of  the  cardiac  glands,  hence  called  oxyntic,  as  no  ai 
formed  by  the  pyloric  glands  in  which  this  variety  of  cell  is  absent 

The  acid  is  probably  formed  from  materials  in  the  blood  and  p 
from   a  combination  of   common   salt  with   monosodic   orthophos 
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(i^H,PO,  4-  NaCl  =  JS'a.HPO,  +  HCl)  j  the  disodic  oithophosphate  is 
to  re^sonTerted  bj  the  action  of  carbonic  acid  and  water  (Na^HPO^  -f 
^  ;  +  H^O  =  NaH,PO^  +  KaHCO  J ;  all  these  salts  are  found  in  the  blood. 


f 


The  ferment  Pt-jmn  can  be  procured  by  digesting  portions  of  tbo  mucous  mem- 
^nuM!  of  the  stomach  in  cold  wuter,  after  they  have  been  macerated  for  some  time 
at  a  temperature  27°^— 87.8*  C.  (80^—100*  F.).     The  warm  water  dissolves 
substances  as  well  as  some  of  the  pepsin,  but  the  cold  water  takes  up  little 
pepsin,  whieb  is  contained  in  a  g my ish- brown  vi«cid  fluid,  on  evapomting 
solution.     The  addition  of  alcohol  throws  down  tbc  pe^psin  in  gmyiah-wbite 
Al.     Glycerine  al^o  has  the  projxTty  of  diss^jlving  otit  tbc  ferment;  and  if  the 
18  membranis  be  finely  minced,  and  dehydrated  by  absolute  alcohol,  a  power- 
may  be  obtained  by  macerating  it  in  glycerine. 

— The  chief  function  of  gastric  juice  is  siich  alteration  of 

d  food-stuffs  as  will  lead  to  their  ready  absorption  and  such  moditi- 

will  favor  their  further  digestion  (as  far  an  necessary)  in  the 

les;  gastric  digestion  is  thus  both  a  complete  and  a  prelim inary 

Less  important  functions  are  the  antiseptic  action,  coagidation 

"Silk,  and  inversion  of  disaccharides  into  monosaccharides.     The  chief 

ve  power  of  the  gastric  juice  depends  on  the  pepsin  and  acid  con- 

led  in  it,  both  of  which  are,  under  ordinary  circumstances,  necessary 

the  process. 

The  general  effect  of  digestion  in  the  stomacJi  is  the  conversion  of  the 
Dod  into  cht/m€y  a  substance  of  varying  composition  according  to  the 
Btore  of  the  food,  yet  always  presenting  a  characteristic  thick^  pulta- 
Kjus,  grumous  consistence,  with  the  undigested  portions  of  the  food 
tjxed  in  a  more  fluid  substance,  and  a  strong,  disagreeable  acid  odor  and 
iste. 

This  action  on  proteids  may  be  shown  by  adding  a  little  gastric  juice 
natural  or  artifleial)  to  some  diluted  egg-albumin,  and  keeping  the  mix- 
ire  at  a  temperature  of  about  37.8°  C.  (100"'  F.);  it  is  soon  found  that 
ie  albumin  cannot  be  precipitated  on  boiling,  but  that  if  the  solution  be 
mtralized  Tvith  an  alkali,  a  precipitate  of  acid- albumin  is  thrown  down, 
Jls*r  a  while  the  acid -albumin  disappears,  so  that  no  precipitate  results 
neutralization,  and  proper  analysis  will  show  that  all  the  albumin  has 
IS  converted  into  other  proteid  substances,  viz,,  jrroteoses  Bird  pep tojies, 
f  pro<»ess,  as  is  the  case  in  salivary  digestion,  is  never  complete  and 
m  final  result  is  always  a  mixture  of  peptones  with  proteoses  which  can- 
C  be  further  peptonized :  the  relative  proportions,  of  course,  depend  on 
ration  of  the  process.  A  side  product  is  found  (as  an  insoluble 
e)  in  artificial  gastric  digestion  which  gives  practically  all  the  pro- 
reactions  and  is  soluble  in  dilute  alkali,  though  insoluble  in  water, 
chloride,  or  dilute  acid.     This  is  known  as  anti-alhumid  and  may 
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be  changed  into  peptone  by  prolonged  digestion ;  it  does  not  ooci; 
physiological  gastric  digestion.     The  commonest  proteose  is  the 
formed  from  albumin  and  is  known  as  albumose :  the  class  name,  h 
ever,  is  proteose,  and  this  name  is  used  in  the  subsequent  descriptioiifl 
the  digestive  processes. 

Characteristics  of  Peptones. — ^Peptones  have  a  certain  characterisi 
which  distinguishes  them  from  other  proteids.  They  are  diffusible,  t.< 
they  possess  the  property  of  passing  through  animal  membranes. 

In  their  diffusibility  peptones  differ  remarkably  from  egg-albumin,  ai 
on  this  diffusibility  de|)ends  one  of  their  chief  uses.  Egg-albumin 
such,  even  in  a  state  of  solution,  would  be  of  little  service  as  food,  im 
much  as  its  indiffusibility  would  effectually  prevent  its  passing  by  absoi 
tion  into  the  blood-vessels  of  the  stomach  and  intestinal  canal.  Wh 
completely  changed  by  the  action  of  the  gastric  juice  into  peptones,  all 
minous  matters  diffuse  readily,  and  are  thus  quickly  absorbed. 

After  entering  the  blood  the  peptones  are  very  soon  again  modi& 
so  as  to  reassume  the  chemical  eharacter»  of  albumin,  a  change  as  nee 
sary  for  preventing  their  diffusing  out  of  the  blood-vessels,  as  the  j 
vious  change  was  for  enabling  them  to  pass  in.  This  is  effected,  pr 
ably,  in  great  part  by  their  passage  through  the  vascular  walls. 

Products  of  Gastric  Dif/estioii, — The  proteid  is  first  changed  into  s 
tonin,  or  acid  proteid,  by  the  combined  action  of  the  pepsin  and  lu 
Though  the  acid  alone  is  capable  of  accomplishing  this,  the  fact  thai 
does  not  do  so  physiologically  is  proven  by  the  great  length  of  time 
quired,  in  laboratory  experiments,  for  the  change.     The  next  change 
the  conversion  of  the  s}Titonin  into  proteoses  which,  according  to  15 
meister,  occurs  in  two  successive  stages.     The  first  of  these  stages  is 
conversion  of  syntonin  into  the  primary  proteoses,  i.e,j  proto-proteose 
hetero-proteose ;  the  second  is  the  conversion  of  both  proto-proteose 
hetero-proteose    into   the   secondary   proteoses,    i.e.,     deutero-prote< 
The  last  change  is  the  conversion  of  the  deutero-proteose  into  peptc 
this  change  does  not  occur  to  any  great  extent  physiologically  and 
proteoses  always  predominate.     Schematically  the  changes  in  the  prot« 
may  be  represented  as  follows : 

Protdd. 

I 
Svn tonin  (acid  proteid). 

I 


Proto-proteose.  Ilet^ro-proteoae. 

Deutero-proteose.  Deutero-proteose. 

Peptone.  Peptone. 
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T^e  action  of  pepsin  is  one  of  hydrolysis  and  the  products  are  hydrated 
of  proteid.  The  acid  iu  not  only  essential  to  the  action  of  pepsin, 
itilso  aids  digestion  by  causing  the  proteidii  to  swell.  That  this  ao- 
is  important  is  proven ,  in  laboratory  experiments,  by  the  increased 
tngtij  of  time  required  for  digestion  when  tibrin  Jias  been  wra]>ped  with 
tt/^«»iand  thus  prevented  from  swelling, 

Rmctiofis  of  Frnfrose.H, — The  proteoses  cannot  l)e  coagulated  by  heat, 
Mare  soluble  in  salt  solution.  All  are  pi*ecipitatcd  by  picric  acid  or  by 
lituration  (after  neutralizing)  with  ammonitmi  sulphate.  All  give  the 
Kitrwttest,  copper  isulphate  producing  a  precipitate  which  rcdisaolves  on 
ke  addition  of  caustic  potash  and  forms  a  rose  red  solution.  The  pri- 
HiiT  proteoses  are  precipitated  by  strong  nitric  acid,  also  by  acetic  acid 
id  potassium  ferrocyanide,  and  liy  saturation  with  aodinm  chloride  and 
nguesium  sulf>hate.  The  secondary  proteoses  are  not  preeipitated  by 
Jese  reactions  just  mentioned  but  are  ehai'acterized  by  the  fact  that  their 
iwipitates,  when  formed,  disappear  on  w^arming  and  reappear  on  cool- 
g.  Pro  to- proteose  is  distinguished  by  being  soluble  in  w^ater  while 
Jtero- proteose  is  not. 

Ftiitotm  reacts  to  the  same  test  as  deutero-proteose,  but  is  not  precipi" 
fced  on  saturation  with  ammonium  sulphate. 

Cireumstancfis  fnvnrintj  Gasirir  THffeittifm. — ^1.  A  temperature  of  about 
,8^  C.  (100°  F.);  at  0^  C.  (32^  F.)  it  is  delayed,  and  by  boiling  is  al- 
jether  stopped.  2.  An  acid  medium  is  necessary.  Hydrochloric  is  the 
it  acid  for  the  purpose.  Excess  of  acid  or  neutralization  stops  the  proc- 
L  3.  The  removal  of  the  products  of  digestion.  Excess  of  peptone 
kys  the  ac^tion. 

a.  Fi/jrifi  is  first  dissolved,  forming  a  solution  of  globulins.  The  in- 
mediate  |iroducts  of  the  digestion  of  globulins  are  called  globvdoses; 
vitelHn,  vitelloses;  of  casein,  caseinoses;  of  myosin,  myosinoses. 
&«e  are  practically  the  same  as  alhumoses,  and  are  included  under  the 
m  proteoses. 

h,  Proteids, — All  proteids  ai-e  converted  by  the  gastric  juic-e  into  pro- 
les and  peptones,  and,  therefore,  whether  they  be  taken  into  the  body 
tieat^  eggBf  milk,  bread,  or  other  foods,  proteoses  and  peptone  are  still 
resaltant. 

e.  MUk  is  curdled,  the  casein  being  precipitated,  and  then  dissolved. 
\  curdling  is  dne  to  a  siM?cial  ferment  of  the  gastric  Juice,  and  is  not 
to  the  action  of  the  free  acid  only.  The  effect  of  rennet,  which  is  a 
j|fion  of  the  fourth  stomach  of  a  calf  in  brine  (rennet),  has  long  been 
i^,  as  it  is  used  extensively  to  canse  precipitation  of  casein  in  cheese 
infacture.  The  ferment  which  produces  this  curdling  action  is  dis- 
t  from  pepsin,  and  is  called  rrmiin. 
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d.  Upon  pure  oleaginous  principles  the  gastric  joioe  has  no  action.  Id 
the  case  of  adipose  tissue^  its  effect  is  to  dissolve  the  areolar  tissue,  albu- 
minous cell-walls,  etc.,  which  enter  into  its  oompositiony  hj  which  meaiu 
the  fat  is  able  to  mingle  more  uniformly  with  the  other  canstitaents  of 
the  chyme. 

The  gastric  fluid  acts  as  a  general  solvent  for  some  of  the  mlvM  ooo- 
stituents  of  the  food,  as,  for  example,  particles  of  common  salt,  which 
may  happen  to  have  escaped  solution  in  the  saliva;  while  its  add  wsj 
enable  it  to  dissolve  some  other  salts  which  are  insoluble  in  the  lalteror  \ 
in  water. 

6.  Upon  starches  the  gastric  juice  has  no  action,  bat  by  the  aid  of  iti   . 
hydrochloric  acid  it  inverts  the  disaccharides  into  monosaccharides  to  i 
certain  extent,  changing  cane  sugar  into  dextrose ;  the  ferment  glucose  (if  "\ 
existent)  may  have  a  similar,  though  unimportant  and  slight,  action.       \ 

g.  The  action  of  the  gastric  juice  in  preventing  and  checking  puUr  -« 
faction  has  been  often  directly  demonstrated.  Indeed,  that  the  secietioa 
which  the  food  meets  with  in  the  stomach  is  mUiaeptie  in  its  action,  if 
what  might  be  anticipated  from  the  proneness  to  decomposition  of  orgixu0 
matters,  such  as  those  used  as  food,  especially  under  the  influence  of 
warmth  and  moisture.  It  is  due  to  the  antiseptic  action  of  the  gastiie 
juice  that  disease-germs  are  often  destroyed  in  the  stomach,  and  the  per 
son  is  saved  from  an  attack  of  illness. 

Time  occupied  in  Gastric  Digestion, — Under  ordinary  conditions,  fron 
three  to  four  hours  may  be  taken  as  the  average  time  occupied  by  the 
digestion  of  a  meal  in  the  stomach.     But  many  circumstances  will  modij^  ' 
the  rate  of  gastric  digestion.     The  chief  are :  the  nature  of  the  food  taken 
and  its  quantity  (the  stomach  should  Ikj  fairly  filled — not  distended);  the  . 
time  that  has  elapsed  since  the  last  meal,  which  should  be  at  least  enoag^ 
for  the  stomach  to  be  quite  clear  of  food ;  the  amount  of  exercise  previoai  r 
and  subsequent  to  a  meal  (gentle  exercise  being  favorable,  over-exertioa 
injurious  to  digestion) ;  the  state  of  mind  (tranquillity  of  temper  being  i 
essential,  in  most  cases,  to  a  quick  and  due  digestion),  and  the  bodily  j 
health. 

Movements  of  the  Stomach,— ^The  gastric  fluid  is  assisted  in  accom- 
plishing its  share  in  digestion  by  the  movements  of  the  stomach.  la 
granivorous  birds,  for  example,  the  contraction  of  the  strong  muscnlii 
gizzard  affords  a  necessary  aid  to  digestion,  by  grinding  and  triturating^ 
the  hard  seeds  which  constitute  ])ai't  of  the  food.  But  in  the  stomachs  ofi 
man  and  other  Mammalia,  the  movements  of  the  muscular  coat  are  to0' 
feeble  to  exercise  any  such  mechanical  force  on  the  food;  neither  •!•> 
they  needed,  for  mastication  has  already  done  the  mechanical  wcnk* 
of  a  gizzard;  and  experiments  have  demonstrated  that  substances  ait 
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gesteil  even  inolosod  in  perfo rated  tubes,  and  oongequaDtly  protected 
Dm  mechaoica!  iDfluence. 

The  normal  actions  of  the  muscuJar  tlbrea  of  the  httman  stomnch 
ppear  to  have  a  three-fold  purpose:  (1)  to  adapt  the  stomach  to  the 
Daotity  of  food  in  it,  eo  that  its  walls  may  be  in  contact  with  the  food 
all  sides,  and,  at  the  same  time,  may  exercise  a  certain  amount  of 
npTession  upon  it;  (2)  to  keep  the  orifices  of  the  stomach  closed  until 
he  food  is  digested;  and  (3)  to  perform  certain  peristaltic  movements, 
wbereby  the  food,  as  it  becomes  chymified^  is  gradually  propelled  toward, 
ind  ultimately  through,  the  pylorus.  In  accomplishing  this  latter  end, 
the  moTements  without  doubt  materially  contribute  toward  efEecting  a 
tiiorough  intermingling  of  the  food  and  the  gastric  fluid. 

When  digestion  is  not  going  on,  the  stomach  is  uniformly  contracted, 
itfi  orifices  not  more  firmly  than  the  rest  of  its  walls j  but,  if  examined 
shortly  after  the  introduction  of  food,  it  is  found  closely  encircling  its 
contents,  and  its  orifices  are  firmly  closed  like  sphincters.  The  cardiac 
orifice,  every  time  food  is  swallowed,  opens  to  admit  its  passage  to  the 
itomach,  and  immediately  again  closes.  The  pyloric  orifice,  during  the 
^t  part  of  gastric  digestion,  is  usually  so  completely  closed,  that  even 
then  the  stomach  is  separated  from  the  intestines,  none  of  its  contents 
ape.  But  toward  the  termination  of  the  digestive  process,  the  pylorus 
lems  to  offer  less  resistance  to  the  passage  of  substances  from  the  stem- 
first  it  yields  to  allow  the  successively  digested  portions  go  through 
1;  and  then  it  allows  the  transit  of  even  undigested  subs  tan  ces»  It  ap- 
i  that  food,  BO  soon  as  it  enters  the  stomach,  is  subjected  to  a  kind 
[peristaltic  action  of  the  muscular  coat,  whereby  the  digested  portions 
I  gradually  moved  toward  the  pylorus.  The  movements  were  observed 
I  increase  in  rapidity  as  the  process  of  chymification  advanced,  and  were 
atmned  until  it  was  completed. 

The  contraction  of  the  fibres  situated  toward  the  pyloric  end  of  the 
omach  seems  to  be  more  energetic  and  more  decidedly  peristaltic  than 
ee  of  the  cardiac  portion.  Thus,  it  was  found  in  the  case  of  St,  Mar- 
Q,  that  when  the  bulb  of  the  thermometer  was  placed  about  three  inches 
Dm  the  pylorus,  through  the  gastric  fistula,  it  was  tightly  embraced 
from  time  to  time,  and  drawn  toward  the  pyloric  orifice  for  a  distance  of 
three  or  four  inches.  The  object  of  this  movement  appears  to  be,  as 
just  said,  to  carry  the  food  toward  the  pylorus  as  fast  as  it  is  formed  into 
chyme,  and  to  propel  the  chyme  into  the  duodenum;  the  undigested 
^rtionsof  food  being  kept  back  until  they  are  also  reduced  into  chyme, 
W  until  all  that  is  digestible  has  passed  out  The  action  of  these  fibres 
ii  often  seen  in  the  contracted  state  of  the  pyloric  portion  of  the  stom- 
jh  after  death,  when  it  alone  is  contracted  and  firm,  while  the  cardiac 
ortion  formg  a  dilated  sac.  Sometimes,  by  a  predominant  action  of 
trong  circular  fibres  placed  between  the  cardiaand  pylorus,  the  twopor- 
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tioDfl)  or  etida  aa  they  are  ealleO,  of  the  stomach,  are  partiallj  sepftrata 

from  eaeli  other  hy  a  kind  of  hour-glass  contraction.     By  m^ana  of  tii 
peristaltic  action  of  the  miijioylar  coats  of  the  stomach,  not  inerely  i 
chyinifled  food  gradually  pro|>6lled  through  the  pylorus,  but  a  kind 
double  current  iscontitiually  kept  up  among  the  con  tents  of  theston 
the  circumferentiiil  purts  of  the  mass  being  gradually  moTed  onward] 
i  toward  the  pylorus  by  tlie  contnictioii  of  the  muscukr  fibres,  while  th«| 
foentral  portions  are  propelled  in  the  opjxjsite  direction,  namely  towa 
the  cardiac  orifice;  in  this  way  is  kept  up  a  constant  circulation  of  tl)»| 
contents  of  the  viscus,  highly  condocive  to  their  free  mixture  with  th* 
gastric  fluid  and  to  their  ready  digestion. 

Influence  of  the  Nervous  System* — The  normal  movements 
the  stomach  during  gastric  digestion  do  not  appear  to  be  so  closely  con* 
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Tt^.  HM.— Very  dlaRramniAtti)  i%pre«et]  to-Uoti  of  th©  n^rveg  of  tbo  aliioentArj  oumL    Oe  lol 
tlie  vaiiouit  porta  oi  the  allmeotmry  cahaI  from  <»flop)iainJs  to  rectum;  L.  V,  left  7a^U8»  eDdis 
front  of  gUmmch;  rl,  rc-ciirreat  iMyngpal  nerre,  supplying;  npjyer  p«rt  of  oacophaffuA;  ILT,i 
▼iigiu,  JoinUtf[  lefr  Ta^ru^  io  ceaapbagw  plexua;  cb.|iI,  HU]ipl>  iug  tht*  posterior  pArt  of  sU 
oontiiiaefl  u  R'V'  to  Join  the  i«*Iiir  jilexuft,  here  remeented  by  a  Binjrle  fp&Ei{;Uoii,  and  cooi 
the  InlaFlor  zneMOtenD  gauj^IioD  m.^l.:  a,  brancbot  from  toe  salar  ple^is  to  stoiujich  i 
iBtemliie',  and  frofn  the  mesenteric  ^tiugiia.  tn  th«  liiri^  intmtlne:  Spl.tiiAj.,  lanre  Bplaoebi 
uiiiiii|r  from  th«*  thora<-lc  ecui^liu  and  rami  comniiimi(]ant««;  re,  bellon^ng  tu  dn^rnal  oer»«T 
the  fith  t<i  thf*  9th  (or  lorh  i;  Spiniiiii.^  Hmallttplauehufc  ii*Tvtn  slmJl&rljr  from  th*'  lOth  and  llih  tk 
nervea.    Tht-we  Iwth  jaiti  th«  woiar  plexuB^,  uwd  thouct*  iimke  their  way  to  the  alttueuUirT  catial;  c  B 
nerres  from  the  j^an^lla.  etc.,  belottginip:  to  11th  and  IStb  dorsal  and  iBt  and  id  lumbar  i 
proceeding  to  Unf)  jnft^rlor  mefeatedo  ganglia  c^r  plexiM),  m.frL«  and  tbenoe  by  tJtm  b 
nerve,  n.hyp,,  and  the  hypi^'i^astrk:  nerve,  u Jiyi).,  and  thti  byipogastiio  plexutt,  pl.brp.,  to  t 
tuufloka  of  the  rectum  ;  l,r.»  uentm  from  th»  Vd  and  8d  Bacral  oerraa,  »,«,  8,8  (oarri  *  _ 
proceeding  by  the  hypogoatric  plexua  to  the  longitudinal  nmBClea  of  the  rectum.    (H.  f^wtierj 

nected  with  the  plexuses  of  neryes  and  ganglia  contained  in  its  walk  I 
was  formerly  supposed.     The  action,  howcTer,  appears  to  be  set  up 
the  presence  of  food  within  it.     The  stomach  is,  moreover,  directly  oc 
nected  with  the  higher  nerve-centres  by  means  of  bninches  of  the ' 
ftnd  of  the  splanchnic  nerveg  through  the  solar  plexus. 
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I  First  aa  to  the  fy  net  ion  of  t\m  vagi  in  cotine^tioii  with  the  gastric 
lOTemenU.  IrritatioQ  of  these  nerves  produced  coniractiou  of  the  Btom- 
sh,  includmg  the  sphincter  pylori.  The  Tagi,  then,  are  the  motor 
Brres  to  the  stomach. 

SecoDdly  bb  to  the  other  nerve-IIhrea,  which  reach  the  stomach  und 
titestines  through  the  Bokr  plexus.  These  fibres  pass  from  the  spinal 
Old  in  the  anterior  rootg  of  the  Bcrves  from  tlje  sixth  to  the  twelfth 
iDrBfli],  passing  in  the  spknchnic  nerves  to  the  solar  plexns,  and  thence 
D  the  stomach*  Stimulation  of  the  aplaochuics  causes  stoppage  of  the 
iBSoalar  movements  as  well  aa  reJaxatiou  of  the  sphincter  pylori. 

It  seems  probable  that  automatic  peristaltic  contraction  is  inherent 
n  the  muscolar  coat  of  the  stomach,  and  that  the  central  nervous  system 
lonJy  employed  to  regulate  it  by  impulses  passing  down  by  the  vagi  or 
Dlanchnic  nerves. 

Next  as  to  tho  influence  of  the  nerves  on  the  secretion  of  the  gastric 

nice.     It  has  been  known  for  a  long  time  that  the  secretion  of  gastric 

Dice  could  be  rellexly  stimulated.     For  example,  Bidder  and  Schmidt 

ibeerved  in  a  dog  with  a  gastric  fistula  that  the  mere  sight  of  food  was 

Ufldcient  to  canse  a  flow  of  gastric  juice.     Quite  recently,  Pawlow  has 

iroved  that  secretory  fibres  are  carried  to  the  gastric  glands  in  the  vagus 

roDk.     His  experiment  censisted  in  establishing  a  gastric  fistula,  and 

tmie  days  later  in  dividing  the  OBSophagus  in  the  neck  in  such  a  manner 

lat  any  food  swallowed  would  be  diverted  to  the  exterior  through  the 

I  end.     "Fictitions  meals*'  could  then  be  given  to  the  animal,  and  the 

^ect  npon  the  stomach  noted*     As  long  as  the  vagi  were  intact,  certain 

ids  (meats)  caused  a  flow  of  gastric  juice,  though  none  of  the  food 

ihed  the  stomach.     When  tho  vagi  had  been  cut,  no  secretion  oc- 

•     Moreover,  he  found  that  direct  stimulation  of  tho  vagus  pro- 

a  flow  of  gastric  juice. 

The  subject  has  been  still  further  elucidated  by  some  experiments  of 

bain,  relative  to  the  normal   mechanism  of  secretion.     He  cut 

portion  of  the  fuudic  end  of  the  stomach,  converting  it  into  a 

pouch  opening  to  the  exterior,  while  the  conti unity  of  the  stomach 

was  established  by  sutures.     Food  given  to  the  animal  caused  a 

ion  in  the  cul-do-sac  as  well  as  in  the  stomach.     From  the  experi- 

he  concludes  that  normally  there  occur  a  primary  secretion  due  to 

ibanical  stimulation  of  the  mucous  membrane  and  confined  to 

spots,  and  a  secondary  secretion  due  to  the  absorption  of  the 

acts  of  digestion,  which  comes  from  the  whole  mucooa  membrane. 

Khigine  has  carried  these  experiments  still  further  and  obtaiued  very 

iplete  resnlts.     He  has  investigated  the  effects  of  various  chemical 

L     luice§  upon  the  flow  of  secretion,  and  has  found  that  pepione  is  the 
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best  of  all  Btimi^lu     How  it  acts  U  unknown.     Khigine  belie^dfl  that  it 

acts  upou  the  a^erent  Merve-iyameBts  in  the  Biomacb,  and  th^t  the  effect 
is  reflex. 

The  influence  of  the  higher  nerve-centres  on  gastric  'digestion,  as  i 
the  case  of  mental  emotion,  is  too  well  known  to  need  more  than  a  re 
erence. 

Digestion  of  the  Stomach  after  Death.— -It  an  animal  die  during  the  pp 
cess  of  gastric  digestion,  and  when,  therefore,  a  quantity  of  gastric  juice j 
is  present  in  the  interior  of  the  stomach,  the  walls  of  this  organ  itaell  aral 
frequently  themselves  acted  on  by  their  own  secretion,  and  to  such  aal 
extent  that  a  perforation  of  considemble  size  may  be  produced,  and  thAl 


A 


Tig.  B9C— Auerb«cti*]i  nervi^-plesiis  Id  ■iuaII  tntestla«.    Tbe  plex%u  oonAisu  of  flbrilJAtad  i 
sUinee,  and  la  made  up  of  trabecule  M  varioxm  thiclmtnnsea.    Nucleus-like  elements  uid  i 
ee^  ape  imbedcU^d  in  tbe  plexus,  tbe  wboiu  of  which  la  inclijsed  li3i  a  ouotefttied  ahefttb.    {K 


contents  of  the  stomach  may  in  part  escape  into  the  cavity  of  the  abdo 
This  phenomenon  is  not  infrequently  observed  in  post-moriem^ 


men. 


arainations  of  the  human  body.  If  a  rabbit  be  killed  during  a  perio 
of  digestion,  and  afterward  exposed  to  artificial  warmth  to  prevent! 
temperature  from  falling,  not  only  the  stomach,  but  many  of  the  sur 
rounding  parts  will  be  found  to  have  been  dissolved  (Pavy), 

From  these  facts,  it  becomes  an  interesting  question  why,  during 
life,  the  stomach  is  free  from  liability  to  injury  from  a  secretion,  which, 
after  death,  is  capable  of  such  destructive  effects. 

It  is  only  necessary  to  refer  to  the  idea  of  Bernard,  that  the  lirinj  J 
stomach  finds  protection  from  its  secretion  in  the  presence  of  epithehu 
and  mucus,  which  are  constantly  renewed  in  the  same  degree  that  I 
are  constantly  ilissolved,  in  order  to  remark  that  although  the 
mucus  is  probably  protective,  this  theory,  so  far  as  the  epithdium  \ 
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DBoemedt  taa  been  diaproved  by  experimcnta  of  Pavy's,  in  which  the 

jincuus  inembnine  of  the  stamncha  of  dogs  wus  dissected  off  for  a  small 
Ipace,  and,  on  killing  the  anim^ils  eome  days  afterward*  no  sign  of  digcs- 
ion  of  the  stoDiach  was  visible.  **  Upon  one  occasion,  after  removing 
the  mucoug  meiubrane,  and  exposing  the  museular  fibres  over  a  space 
Df  about  an  inch  and  a  half  in  diameter^  the  animal  was  allowed  to  live 
ferten  days.  It  ate  food  every  day.  and  Kccmcd  scarcely  a lleeted  by 
jie  operation.  Life  was  destroyed  while  digestion  was  being  carried  on, 
nd  the  lesion  in  the  stomach  was  found  very  nearly  repaired ;  new  mat- 
ter had  been  deposited  in  the  place  of  what  Iiad  been  removed,  and  the 
leunded  spot  had  contracted  to  much  lees  than  its  original  dimensions." 

Pavy  believes  that  the  natural  alksilinity  of  tlio  blood,  which  circu- 
iles  so  freely  during  life  in  the  walls  *jf  the  stomach,  is  sufficient  to 
leotralize  the  acidity  of  the  gastric  jnice;  and  as  may  be  gathered  from 
hat  has  been  previously  said,  the  neutralization  of  the  acidity  of  the 
;istric  secretion  is  quite  sutlicient  to  destroy  its  digestive  powers;  but 

experiments  adduced  in  favor  of  this  theory  are  open  to  nmnyobjec- 
ions,  and  afford  only  a  negative  support  to  the  conclusions  they  are  in- 
nded  to  prove.  Again,  the  pancreatic  secretion  acts  best  on  proteids 
an  alkaline  medium;  but  it  huB  no  digestive  action  on  the  living  in- 
Etine*  Iso  satisfactory  theory  of  the  reason  why  the  stomaeli  does  not 
est  itself  has  yet  been  suggested. 


VoMITINrt. 


The  expulsion  of  the  contents  of  the  stomach  in  vomiting,  like  that 
I  mucas  or  otlier  matter  from  the  kings  in  coughinfj,  is  preceded  by 
\  ioBpiraiion ;  the  glottis  is  then  closed,  and  immediately  afterward  the 
Idominal  muscles  strongly  act;  but  here  occurs  the  dilference  in  the 
ro  notions*  Instead  of  the  vocjil  cords  yielding  to  the  action  of  the  ab- 
^minal  muscles,  they  remain  tightly  closed.  Thus  the  diaphragm  being 
lable  to  go  up,  forms  an  unyielding  surface  against  wbich  the  stomach 
n  be  pressed.  In  this  way,  as  well  as  by  its  own  eoutruction,  the  dia- 
Ifugm  is  fii'ed,  to  use  a  technical  jdirase.  At  the  same  time  the  vardiac 
(hincter-muselo  being  relaxed,  and  the  orifice  which  it  naturally  guards 
iing  actively  dilated,  w^hile  tha  pf/lorua  is  closed,  and  the  stomach  itself 
10  contracting,  the  action  of  the  abdominal  muscles,  by  these  means 
iiflted,  expels  the  contents  of  the  orgau  through  the  avsophagus^ 
nx,  itnd  mouth.  The  reversed  peristaltic  action  of  the  cesophagus 
►bably  increases  the  effect. 

It  has  been  frequently  stated  that  the  stomach  itself  is  quite  passive 
bg  vomitings  and  that  the  expulsion  of  its  contents  is  effected  solely 
lie, pressure  exerted  upon  it  when  the  capacity  of  tlie  abdomen  is  di- 
ished  by  the  contractiou  of  the  diaphragm,  and  subsequently  of  the 
ominal  muscles.     The  experiments  and  observations,  however,  which 
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are  supposed  to  confirm  this  statement,  only  show  that  the  contraotioi 
of  the  abdomiiml  muscles  alone  is  sufficient  to  expel  matters  fromaa 
unresisting  bag  through  the  oesophagus;  and  that,  under  yery  abnormal 
circumstances,  the  stomach,  by  itself,  cannot  expel  its  contents.  Thef 
by  no  means  show  that  in  ordinary  vomiting  the  stomach  is  pasdTa; 
and,  on  the  other  hand,  there  are  good  reasons  for  believing  the  contraij. 

It  is  true  that  facts  are  wanting  to  demonstrate  with  certainty  thk 
action  of  the  stomach  in  vomiting;  but  some  of  the  cases  of  fistolM 
opening  into  the  organ  appear  to  support  the  belief  that  it  does  taks 
place;  and  the  analogy  of  the  case  of  the  stomach  with  that  of  theotlMC 
hollow  viscera,  as  the  rectum  and  bladder,  may  be  also  cited  in  confim- 
at  ion. 

The  muscles  concerned  in  the  act  of  vomiting,  are  chiefly  and  pri- 
marily those  of  the  abdomen;  the  diaphragm  also  acts,  but  usually  not  as 
the  muscles  of  the  abdominal  walls  do.  They  contract  and  compre» 
the  stomach  more  and  more  toward  the  diaphnigm;  and  the  diaphraga 
(which  is  usually  drawn  down  in  the  deep  inspiration  that  precedes eadi 
act  of  vomiting)  is  fixed,  and  presents  an  unyielding  surface  againil 
which  the  stomach  may  be  pressed.  The  diaphragm  is,  therefore,  as  • 
rule  passive,  flnring  the  actual  expulsion  of  the  contents  of  the  stomach. 
But  there  are  i^rounds  for  believing  that  sometimes  this  muscle  aciivt-lj 
contracts,  so  tliat  the  stomach  is,  so  to  speak,  squeezed  between  the  de- 
scending diaphragm  and  the  retracting  abdominal  walls. 

Some  persons  possess  the  power  of  vomiting  at  willy  without  applying 
any  unci  no  irritation  to  the  stomach,  but  simply  by  a  voluntary  effort 
It  seems  also  that  this  power  may  be  acquired  by  those  who  do  not  nat- 
urally possess  it,  and  by  continual  practice  may  become  a  habit.  Thert 
are  cases  also  of  rare  occurrence  in  which  persons  habitually  swallov^ 
their  food  hastily,  and  nearly  unmasticated,and  then  at  their  leisure 
gurgitate  il,  piece  by  piece,  into  their  mouth,  remasticate,  and  aj 
swallow  it,  like  members  of  the  ruminant  order  of  Mammalia. 

The  various  ncrve-arti(fns  concerned  in  vomiting  are  governed  by 
nerve-centre  situated  in  the  medulla  oblongata. 

The  sensory  nerves  are  the  fifth,  glosso-pharyngeal  and  vagus  prii 
cipally;  but.  as  well,  vomiting  may  occur  from  stimulation  of  seni 
nerves  from  many  organs,  <v/.,  kidney,  testicle,  etc.     The  centre 
also  be  stimulated  by  impressions  from  the  cerebrum  and  cerebellni 
so-ealled  central  vomiting  occurring  in  disease  of  those  parts. 
elTerent  impulses  are  carried  by  the  i)hrenics  and  other  spinal  nerves. 

The  Ixtestines. 

The  Intestinal  canal  is  divided  into  two  chief  portions,  named  ; 
their  differences  in  diameter,  the  small  and  large  intestine  (fig.  211 
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m  are  confcinnona  \vith  each  otliei,  and  eomoiUQicate  by  means  of 
pening  guarded  by  i%  valve,  tbe  ikociBcai  valve,  which  allows  the 
ige  of  the  products  of  digestion  from  the  small  into  the  large  bowel, 
lot,  under  ordinary  circunistances,  in  the  opposite  direction. 
The  Small  Intestine. — The  Small  Intestine,  the  avemge  length 
hich  in  an  adult  is  about  twenty  feet,  has  been  divided,  for  conven- 
s  of  description,  into  three  portions,  viz.*  the  duofirnumf  which  cx- 
i  for  eight  or  ten  inches  beyond  the  pylorus ;  the  jejunum,  which 
IS  two-fifths,  and  the  ileum,  which  forms  three-fifths  of  the  rest  of 
ianal. 

U rupture. — The  small  intestine,  like  the  stomach,  is  constructed  of 
principal  coats,  viz.,  the  serous,  muscular,  sub-mucous,  and  mucous. 


w 


Ftp.  256, 


Fip.  256. 


flBik — ^Hori*aii(Al  «<?ctloti  of  a   smaU  frai^iiieiit  of  the  mucoua  membrane^  (ncludiniic  on© 
ryTat  of  LiebsirkOiin  and  parU  uf  tw'^eral  oLhers. 

a^-^ Piece  of  9mali  jnU-stiiie  <r>rtn  iiHisly  di8t«iiiied  aod  hardeued  by  alcohol),  taid  open  to 
ir»rtii&l  posiUcm  of  th«  vaJvuliB  eonuivenuis. 


\   The   >*frou9  coat  is  formed  by  the  visceral  layer  of  the  perito- 

,  and  has  the  structore  of  serous  membranes  in  general 

.J  The  muscular  coats  conBist  of  an  iuternal  circular  and  an  ex- 

fiTigitudinal  layer:  the  former  is  usually  considerably  the  thicker, 
ke   consist  of  bundles  of  unstripcd  muscle  supported  by  con- 
tissue.     They  are  well  provided  wntli  lymphatic  vessels,  which 
m  set  distinct  from  those  of  the  mucous  membrane. 
ietween    the  two   muscular   coats   is  a   nerve   plexus    (Auerbach's 
us)  (tig.  254),  similar  in  structure  to  Meissner's  (in  the  submucous 
e),  but  with  more  numerous  ganglia. 

3.)  Between  the  mucous  and  muscular  coats  is  the  mihmucous  coat, 
ish  consists  of  connective  tissue,  in  which  numerous  blood-vessels 
iphatics  ramify,     A  fine  plexus,  consisting  mainly  of  non-medul- 
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lated  n6rYe*fibFes,  Mmssner'*B  plexuK^  with  ganglion  cellfl  at  its  \ 

ocLura  in  the  submucous  tissue  fram  tho  stomach  to  the  anus. 

(4.)  The  mncotts  membrane  i&  the  most  important  coat  in  reUtil 
the  fuD«.tioti  of  digestion.  The  following  structures,  which  enta 
ita  composition^  may  now  be  successively  described: — the  valvitJmA 
venies  ;  the  villi ;  and  the  glandif.  The  general  structure  of  the  mv 
membrane  of  the  intestines  resembles  tlmt  of  the  stomach  (p,  347)J| 
like  it»  is  lined  on  its  iimer  surface  by  columnar  epithelium*  AdI 
tissue  (fig.  255}  enters  largely  into  its  construction:  and  on  its  | 
enrfaoe  is  the  rnnseniariH  tnueo.Hm  (mm,  fig.  260),  the  fibres  of  whicfc 
arwinged  in  two  layers:  the  outer  longitudinal  and  the  inner  eirculi 

Valvnlw  Cofiniventes.— The  valvula?  conniventea  (fig.  256)  comnl 
in   the  duodenum,  about  one  or  two  inches  beyond  the  pylorui 


Tig.  «r, 


FI«J 


Fig.  JS7.  — Tranavepse  section  throuKJi  fo\ir  cryfiUi  of  Lti*berk(lhii  from  the  Uuip»>  ijQteetliii 

Thi'y  am  Imt^i  by  oolumciar  epithotinl  c«»ns.  tiw  ouclH  beiriR  plaoed  in  the  outer  piiit! 

Tkf  cJlviAiian»  ln^tween  the  cells  are  seen  mt  line*  ractlatinfe'  from  l^  ih*  lumen  of  the  c^ 

epithella]  r«4is,  which  have  bc«<:oiiie  tranHfoniieN:!  into  jfrvblet  wlls.     x  360,     (Klem  and  Noblet 


cvlla. 


Fi*c.S 


A  gland  of  UeberkUhn  la  lon)?itudttJH.I  »t»eUoiK 


XSBO, 
(Bfintoo.) 


4 

becoming  larger  and  more  numerous  immediately  beyond  the  enti 
of  the  bile  duct,  continue  thickly  arranged  »nd  well  developed  tliro 
out  the  jejunum;  then,  gradually  diminishing  in  size  and  number,* 
ceji8e  near  the  middle  of  the  ileum.     They  are  formed  by  a  doal 
inward  of  the  mucous  membmne;  the  crescentic,  nearly  circular, 
thus  formed  being  arranged  transversely  to  the  axis  of  the  inte-stin^ 
each  individual  fold  seldom  extending  around  more  than  ^  or  f  c 
bowers  circumference.     Unlike  the  riigie  in  the  opsopnagus  and r 
ach,  they  do  not  disappear  on  distention  of  the  canah     Only  an  i 
feet  notion  of  their  natural  position  and  function  can  be  obtain^ 
looking  at  them  after  the  intestine  has  been  laid  open  in  the' 
manner.     To  understand  them  aright,  a  piece  of  gut  should  be  diHM 
either  with  air  or  alcohol,  and  not  opened  until  tho  tissues  have  be 
hardened*     On  then  making  a  section  it  will  be  seen  that,  infital 
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appearing,  they  stand  out  at  right  aDgles  to  the  geEeral  surface  of 
mucous  membrane  (fig,  256).  Their  functions  are  (1)  to  afford  a 
ly  increased  surface  for  secretion  and  absorption,  and  (2)  to  prevent 
too  rapid  passage  of  the  very  liquid  products  of  gastric  digestion, 
ediately  after  their  escape  from  the  stomach,  and  {**))  to  assist  in 
more  perfect  mingling  of  the  latter  with  the  secretions  poured  out 
act  on  them,  by  their  projection,  and  consequent  interference  with 

iform  and  untroubled  current  of  the  intestinal  contents, 
Giatuls, — The  glands  are  of  three  principal  kinds: — viz,,  those  of  (1) 
^berkuhn^  (2)  Brunner,  and  (3)  Peyer. 

(1.)  The  glands  or  crypts  of  Lieberhuhn  are  simple  tubular  depres- 


■.— Ttmiwirene  seceion  of  Injected  Pteyw^B  elaads  (from  KGlltker).    Tb©  dmwlnir  «m 
I  m  pre^amJoo  macUa  by  Frry:  It  repr^w&ts  the  flue  oApiliiiT'-loopecl  network  spreadlDi? 
"*     t-iTMMlft  Into  the  JuUsrior  of  tlirt*e  t>f  P**yf*r'«  capsblet  from  thf  int»tifn«i 


of  the  intestinal  mucous  membrane,  thickly  distributed  over  the 

vie  surface  both  of  the  lurge  and  smull  intestines.     In  the  small  in- 

ine  they  are  visible  only  with  tlie  aid  of  a  lens;  and  their  orifices 

as  minute  dots  scattered  between  the  villi.     They  are  larger  in 

large  intestine,  and  increase  in  size  the  nearer  they  approach  the 

lend  of  the  intestinal  tube;  and  in  the  rectum  their  orifices  may  be 

to  the  naked  eye.     In  length  they  vary  from  yj^  to  ^  of  an 

Each  tubule  {fig.  258)  is  constructed  of  the  same  essential  part  aa 

intestinal  mucous  menibranei  viz.,  of  a  fine  memhrana  propria^  or 

ment  membrane,  a  layer  of  columnar  epithelium  lining  it,  many  of 

h  are  goblet  cells,  and  capilhiry  blood-vessels  covering  its  exterior, 

free  surface  of  the  columnar  cells  presenting  a  striated  appearance. 
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(2.) — Bruntwr's  ^lafids  (fig.  260)  are  con&ied  to  the  duodenum; 
are  most  abundunt  iiiul  thickly  set  at  its  commencement,  dimiD]fih| 
ually  as  the  duodenum  advances.  They  are  situated  beneath  the  I 
cularis  muco8»»  imbedded  in  the  submucous  tisaae;  each  ghind 
branched  and  convoluted  tube,  lined  with  cokimnar  epithelinm, 
before  said,  in  structure  they  are  very  similar  to  the  pyloric  glanrf 
the  stomach,  and  their  epithelium  undergoes  a  similar  change  dfll 


^^- 


J 


^^^! 


i\ 


aecretioo;  but  they  are  more  branched  and 
convoluted  rnd  their  diicta  are  longer, 
(Watney.)  Tlie  duct  of  each  gland  passes 
through  the  muscularia  roucossB^  and  opens 
on  tiie  surface  of  the  mucouii  membrane. 

(3.)  The  glamh  of  Fcijer  occur  chiefly 
but  not  exclusively  in  the  mnaU  intestine. 
Tliey  are  found  in  greatest  abundance  in 
the  lower  part  of  the  ileum  near  to  the 
jleo-esecal  valve.  They  are  met  with  in 
two  conditions,  viz.,  either  scattered  sin- 
g\\\  in  which  case  they  are  termed  glandulm 
solitarim^  or  aggregated  in  groups  varying 
from  one  to  tliree  inches  in  length,  and 
about  half-an-inch  in  i^idth,  chiefly  of  an 
oval  form^  their  long  axis  parallel  with  that 
of  tho  intestine.  In  this  state,  they  are 
named  ghiudulm  af^minutw^  the  groups  be- 
ing commonly  called  Peyer's  patches  (fig. 
261),  and  almost  always  phiced  opposite 
the  attachment  of  the  mesentery.  In 
structure,  and  in  function^  there  is  no 
eseential  difference  between  the  solitary 
glands  and  the  individual  bodies  of  which 
each  group  or  patch  is  made  np.  They 
are  really  single  or  aggregated  masses  ol 
adenoid  tissue  forming  Ijmph'follicles.     In  ' 

tho  condition  in  which  they  have  been  most  commonly  examined, 
gland  appears  as  a  circular  opaque-white  rounded  body,  from  -g^  to  -j^ 
(1  to  3  mtu.)  in  diameter,  according  to  the  degree  in  which  it  is  d 
oped.  They  are  principally  contained  in  the  submucous  coat,  but  I 
times  project  through  tho  musculans  mneosw  into  the  nn neons  I 
brane.  In  the  agminate  glands,  each  follicle  reaches  the  free  surCi 
the  intestine,  and  is  covered  with  columnar  epithelium.  Each  glfl 
surrounded  by  the  openings  of  Lieberklihn^s  folliclea,  i 

The  adjacent  glands  of  a  Peyor's  patch  are  connected  togeta 
areolar  tissue.     Sometimes  the  lymphoid  tissue  reaches  the  free  Bi]| 


of     Lk*h«erk: 
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iing  the  epitbelicm,  m  is  also  tlje  case  ^ith  aoitie  of  the  lymphoid 
\es  of  the  toiisiL 

oyer's  glands  are  surrounded  by  lymphatic  siDuaes  which  do  not 
rate  into  thoir  interior  j  the  interior  is,  however,  traversed  by  a 
rich  blood  capillary  plexus.  If  tho  vermiform  appendix  of  u  rab- 
rhioh  oonsista  largely  of  Peyer's  glands,  be  injected  with  blue  by 
mg  tho  point  of  a  fme  syringe  into  one  of  the  lymphatic  einusea, 
?eyer'*s  gland  a  will  appear  as  grayisb  white  epacei  eurrouuded  by 
if  now  the  arteries  of  tho  same  be  injected  with  red,  the  grayish 
les  will  change  to  red,  thus  proving  that  they  aro  surrounded  by 
batic  spaces  but  penetrated  by  hlood- vessels.  The  larteals  passing 
)f  the  villi  commonicate  with  the  lymph  sinuses  round  Peyer'a 
Is.  It  ia  to  be  noted  that  Peyer's  patches  are  largest  and  most 
iDeot  in  children  and  yoan^  persons. 

iZ7i,— The  Villi  (llgs.  260,  362,  and  263)  are  confined  exclusively  to 
lucous  uiembrane  of  the  small  intestine.  They  are  minute  vascu- 
roeesseSj  from  a  line  ^^  to  i  of  an  inch  {.5  to  3  mm.)  in  length, 
lag  the  surface  of  the  nuicou«  memhmne,  and  giving  it  a  peculiar 
y,  fleecy  appearance.  Krause  estimates  them  at  fifty  to  ninety 
31  bar  ID  a  square  line  at  the  upper  part  of  the  small  intestine,  and 

^ft — AfrmtnAte  foU(cle«,  or  Peyer's  patcli,  in  tlie  staU;  of  distention. 

?y  to  seventy  in  tho  same  area  at  the  lower  part 


X  ft. 


CBoetiin.) 

They  vary  in 

even  in  the  same  animal,  and  differ  according  as  the  lymphatic 
a  or  lacieah  which  they  contain  are  empty  or  full;  being  usually, 
^  former  c^iee,  flat  and  pointed  at  their  Bummits,  in  the  latter  cylin- 
l  or  clavate, 

ich  villus  consists  of  a  small  projection  of  mucous  membrane;  its 
ior  is  supported  throughout  by  fine  adenoid  tissue,  which  forms 
ramework  or  stroma  in  which  the  other  constituents  are  contained, 
he  surface  of  the  villus  is  clothed  by  columnar  epithelium,  whit^h 
on  il  fine  basement  membrane;  wlwle  within  thiii  are  found,  reck- 
{from  witbaut  inward,  bh^od-vessels,  fibres  of  the  mioirularin  mu- 
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co/tm,  and  a  single  lymphatic  or  lacteal  veesel  rarely  looped  or  brancha 

(fig.  2«J3). 

The  e|jitheliiHn  is  continuous  with  that  lining  the  other  parts  of 
nmcous  membrane.     The  cells  ure  *ir ranged  with  iheir  long  axis  i 
iiig  from  tlie  surftiec  of  tlie  villus  (fig. 260),  and   their    smaller  endij 
resting  on  the  btisement  membrane.     The  free  surface  of  the  epitbeli»i| 
cells  of  the  villi,  like  that  of  the  cells  which  cover  the  general  snrh 
of  the  mucous  membrane*  is  covered  by  a  fine  border  which  eibibitai 
delicate  striations,  wllen<:^e  it  derives  its  name,  sirmted  hasilar  ktrder. 

Beneath  the  basement  or  limiting  membrane  there  is  a  rich  supplji 
hhod-vesseh.     Two  or  more  minute  arteries  are  distributed  within  i 
villus;  and  from  tlieir  capillaries,  which  form  a  dense  network,  pr 
one  or  two  small  veins,  which  pass  out  at  the  base  of  the  villas. 

The  laver  nf  the  muscularia  mucosm  in  the  villus  forms  a  kind 


FUc.  ai9&— Vcrtlcft]  seetloii  of  a  vflhu  of  the  smiitl  InCesdne  of  &  cmt.    o»  slilAted  iMirfUr  bcyr\tr  ! 
or  \\^r  Mpitiiolium:  b,  columnar  fpfthelliim ;  c.  irobl«t  cells;  d,  central  Ijmph-TeaMl:  e,  emooLh  nvi 
eiilar  fihn«;  /,  lulertokl  stronia  of  ibt?  vtUus  tn  whIcJi  tympb  oorpusc'les  Ue.    (Kleiii.) 

thin  hollow  cone  immediately  around  the  central  lacteal,  and  is^  ther«- 1 
fore,  situated  beneath  the  blood-vessels.     It  is  without  doubt  insiru- 
mental  in  the  propulsion  of  chyle  along  the  lacteal. 

The  lacteal  vesMl  in  each  villus  is  the  form  of  commencement  of  th 
lymphatic  system  of  vessels  *  in  the  intestines.  It  begins  almost  at  th 
tip  of  the  villus  commonly  by  a  dilated  extremity.  In  the  Ijirger  villi 
there  may  be  two  small  lacteal  vessels  which  join  on  (fig*  263),  or  th 
lacteals  may  form  a  kind  of  network  in  the  villus.  The  last  metho 
is  rarely  or  never  seen  in  the  human  subjecti  although  common  in  sou 
of  the  lower  animals  (A,  Gg.  263), 

The  Larg^e  Intestine.— The  Large  Intestine,  which  in  an 
is  from  about  4  to  6  feet  long,  is  subdivided  for  descriptive  purpe 
into  three  portions,  viz.: — the  cfrcum,  a  short  wide  pouch,  comma 
eating  with  the  lower  end  of  the  small  intestine  through  an  oj 
guarded  by  the  U$(h€mcal  TalTe;  the  colon^  continaous  with  the 

•  For  an  account  of  the  Lynipbatic  Svstem,  see  Chapter  IX- 
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forms  the  principtil  part  of  the  hivge  iDtestine,  and  is  divided 
•  ascending^  tnuisverse,  and  desceiidiiin;  portions;  and  the  rfttmn, 
ch,  after  dilating  nt  its  lower  part,  again  contracts,  and  itntnedi- 
y  afterward  opens  externally  through  tlie  anus.  Attached  to  the 
um  is  the  small  appfiutiijc  vermiformis, 

Sirficture.—-hikt^  the  small  inteatino,  the  lar^e  intestine  is  con- 
l^ed  of  four  principal  coats,  tiz,,  the  serons,  nmseular,  siib-mucous 
Bacons.  The  serous  coat  need  not  be  hero  particularly  described, 
^cted  with  it  are  the  small  processes  of  peritoneum  containing 
Bll  ed  Hjipe  n  dices  ep  ip h  km,  Th  e  11  br es  o  f  t  he  /?» use  «*  /i^/  r  c  o a t,  1  i  ke  t h  ose 
be  small  intestine,  are  arranged  in  two  layers — the  outer  loDgitodiiial, 
inner  circular.  In  the  caBcumand  colon,  the  longitudinal  fibres,  be- 
s  being,  as  in  the  small  intestine,  t!rinly  disposed  in  all  parts  of  the  wall 
he  bowel,  are  collected,  for  the  most  part,  into  three  strong  bands, 
:h,  being  shorter,  from  end  to  end,  than  the  other  coats  of  the  in- 
ne,  hold  the  caiml  in  folds,  b(mniling  intermediate  sneculi.  On  the 
lion  of  these  bauds,  the  intestine  can  be  drawn  out  to  its  full  length. 


Fte. 


%^A.  ViUn*of$h€^.    B,  riUiofman.    fSllghtly  altered  from  Telchmana.) 


t  then  assumes,  of  course,  an  uniformly  cylindrical  form*  In  the 
m,  the  fasciculi  of  these  longitmlinal  bands  spread  out  and  mingle 
the  other  longitudinal  fibres,  forming  with  them  a  thicker  layer  of 
I  than  exists  on  any  other  part  of  the  intestinal  canaL  The  circu- 
[»nlrr  fibres  are  spread  aver  the  whole  surface  of  the  bowel,  but 
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are  someivhat  more  marked  in  the  intervals  between  the  saccnli.  Toward 
the  lower  end  of  the  rectnm  they  become  more  nnmerous,  and  at  the 
anus  they  form  a  strong  band  called  the  internal  sphincter  mnscle. 

The  mucous  membrane  of  the  large,  like  that  of  the  small  intestiiM^ 
is  lined  throughout  by  columnar  epithelium,  but,  unlike  it,  is  quite  dfl^ 
titute  of  villi,  and  is  not  projected  in  the  form  of  valvula  connivenia. 
Its  general  microscopic  structure  resembles  that  of  the  small  intestina: 
and  it  is  bounded  below  by  the   mvscularis  mucosa:. 

The  general  arrangement  of  ganglia  and  nerve-fibres  in  the  hap: 
intestine  resembles  that  in  the  small. 

CHands. — The  glands  with  which  the  large  intestine  is  provided 
of  two  kinds,  (1 )  the  tubular  and  (2)  the  lymphoid. 

(1.)  The  tubular  glands,  or  gland£  of  Lieberkuhn,  resemble  thoN. 
of  the  small  intestine,  but  are  somewhat  larger  and  more  numeronA 
They  also  contain  many  goblet  cells, 

(2.)  Follicles  of  adenoid  or  lymphoid  tissue  are  most  numerous  in 
the  caecum  and  vermiform  appendix.  They  resemble  in  shape  and 
structure,  almost  exactly,  the  solitary  glands  of  the  small  intestinei 
Peyer's  patches  are  not  found  in  the  large  intestine. 

lleO'Ccecal  Valve, — The  ileo-caecal  valve  is  situate  at  the  place  A 
junction  of  the  small  with  the  large  intestine,  and  guards  against  any 
reiiux  of  the  contents  of  the  hitter  into  the  ileum.  It  is  composed  of 
two  semilunar  folds  of  mucous  membrane.  Each  fold  is  formed  bj  a 
doubling  inward  of  the  mucous  membrane,  and  is  strengthened  on  the 
outside  by  some  of  the  circular  muscular  fibres  of  the  intestine,  which 
are  contained  between  the  outer  surfaces  of  the  two  layers  of  which  each 
fold  is  composed.  While  the  circular  muscular  fibres,  however,  of  the 
bowel  at  the  junction  of  the  ileum  with  the  caecum  are  contained  b^: 
tween  the  outer  opposed  surfaces  of  the  folds  of  mucous  membrani 
which  form  the  valve,  the  longitudinal  muscular  fibres  and  the  peri- 
toiiGum  of  the  small  and  large  intestine  respectively  are  continuoni 
with  each  other,  without  dipping  in  to  follow  the  circular  fibres  and 
mucous  membrane.  In  this  manner,  therefore,  the  folding  inward 
tlicse  two  last-named  structures  is  preserved,  wdiile  on  the  other  hai 
by  dividing  the  longitudinal  muscular  fibres  and  the  peritoneum, 
valve  can  be  made  to  disappear,  just  as  the  constrictions  between  tl 
sacculi  of  the  Lirgo  intestine  can  be  made  to  disappef-r  by  performing 
similar  operation.  The  inner  surface  of  the  folds  is  smooth; 
mucous  membrane  of  the  ileum  being  continuous  with  that  of  the  caecui 
That  surface  of  each  fold  which  looks  toward  the  small  intestine 
covered  with  villi,  while  that  which  looks  to  the  caecum  has  m 
When  the  ca?cum  is  distended,  the  margin  of  the  folds  are  strei 
and  thus  are  brought  into  firm  apj)osition  one  with  the  other. 
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Digestion  ix  the  Intestines* 

tlie  food  has  been  duly  acted  upon  by  the  gastric  juice,  such  of 
tiot  been  absorbed  pusses  into  the  duodenuin,  and  is  there 
ibjected  to  the  action  of  the  secretions  of  the  pancreaa  and  liver  which 
t©T  that  portion  of  the  small  intestine,  us  well  as  to  the  secretion 
tuccus  entericus)  which  is  poured  out  into  the  intestines  from  the  glands 
niDg  them.  Mixed  with  products  of  gastric  digestion  is  found  a 
rtain  amount  of  proteid  matter  which  has  not  been  acted  upon 
it  all:  the  fats  are  also  incloded  and  such  carboliydrateii  us  liave  n<it 
n  acted  npon  by  salivary  digestion  together  with  products  of  this 
Igeistton. 


fllf,  <64.  Bee^inn  of  the  iwincrenAof  a  flop  diirinij  dlnfestion.  ft.  alveoli  liued  with  oeUs,  the 
of  which  i»  well  stained  wit ^«  hrt?tiimD3tvUu;  d^otermediary  duct  llued.  wiUi  flqiiamouft 
,     X  Sat*     Ovldii  and  NotiJe  Smith,; 

The  Pancreas,  akd  its  Secretiox. 

The  Pancreas  is  situated  within  the  curve  formed  bj  the  duo- 
jvum:  and  its  main  dnet  opens  into  thut  purt  of  the  small  inietttine, 
rough  a  small  opening,  or  through  u  duct  common  to  it  and  lo  the 

T,  about  two  and  a  halt  inches  from  the  pylorus. 

Si  ru  dure, — In  structure  the  pane  reus  bears  some  resemblance  to  the 
lirary  glands.     Its  capsule  and  septa,  as  well  as  the  blood-vessels  and 

phatics,  are  similarly  distributed.      It  is,  however,  looser  and  softer, 

P~  jhes  and  lobules  being  less  compactly  arranged*  The  main  duct 
es  into  brunches  (lobar  duets),  one  for  each  lobe,  and  these  branches 
ibdiftde  into  intra-lobular  ducts,  and  these  again  by  their  division 
(d  branching  form  the  gland  tissue  proper.  The  intralobar  ducts 
irrespond  to  a  lobule,  while  between  them  and  the  secreting  tubes  or 


HANDBOOK    OF   PHYSIOLOGY. 


alveoU   are  longer   or   shorter  iniermeduiry  ilucts.      The   larger  docU  I 
poasess  a  very    diatioct   liimeD    and    a   uieinbraDa   propria   liiied   witbj 
columnar  epitbelinm,  the  cells  of  which  are  longitadinallj  striated, 
are  shorter  thtm  those  found  in  the  ducts  of  the  salivary  glands.     In  th 
intratobtilar  ducts  the  epitiielium  is  short  and  the  lumen  is  smalleu 
The  inlennediary  ducts  openiug  iuto  the  alveoli  posaeiSi* a  distinct  Inma 
with  a  membrana  propria  lined  with  a  einglo  layer  of  flattened  elongati 
celle.     Tlie  alveoli  arc  bnuielied  and  convoluted  tubes,  Avith  a  membn 
propria  lined  with  a  single  layer  of  columnar   cells*      They  Lafe  l 
distinct  lumen,    though    spindle-shaped    cells  are  often   seen   in 
centre    of    tho    acini.      Ileidenhain    has  observed    that   the  alveoli 
cells  in  the  pancreas  of  a  fasting  dog  consist  of  two  zones,  an  inner  ( 
central  zone  which  is   tinely   srrnimlar,  and   which  stains  feebly,  and  I 


^^. 


:^*4*U*  ^  * 


\   I 


^>>'aj^ 


FIR,  »(». -Section  of  the  piuicitAS  of  annacUUo,  Bhowing  the  two  Wiidi  of  sUnd-stnictufe.    (Vj 

smaller  parietal  zone  of  finely  striated  protoplasm  which  stains  eaeil 
The  nucleus  is  partly  in  one,  partly  in  the  other  zone.    During  digestifli 
it  is  found  that  the  outer  zohe  increases  in  size,  and  the  central  loi 
diminishes;  the  cell  itself  hecoining  tsmaller  from  the  discharge  of 
secretion.     At  the  end  of  digestion  the  first  condition  again  appears,  til 
inner  zone  enlarging  at  the  expense  of  the  outer.     It  appears  that 
granules  atre  formed  by  and  stored  npin  the  protoplasm  of  the  cells,  1 
material  supplied  to  it  by  the  blood.     The  grannlea  ar©  thought 
consist  of  material  from  which,  umler  certain  conditions,  the  ferm6 
of  the  gland  are  developed,  and  which  is  therefore  called  Zt/moi/efk 
addition  to  the  ordinary  alveoli  of  the  pancreas  there  are  found  dis 
buted  irregularly  in  tlie  gland  other  collections  of  cells  of  a  dif 
character.      They  are  considerably  smaller,  their    protoplasm  is 
granular,  and  is  less  easily  stained  with  hsematoxylin,  and  their  nod 
are  small   and   deeply  staining,  being  situated  also  more  toward 
centre  of  the  cells.     The  collect  ions  of  cells  vary  in  size  and  shape,  j 
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liines  seem  to  be  mere  masses  of  protoplasm  with  nuclei  iindifferen- 
iated  into  cells.  These  nests  of  cells  are  aometimea  seen  to  consist  of 
Utinet  columns  of  cells.  No  distinct  basement  membrane,  however, 
tan  be  made  out  as  bounding  these  columns.  The  special  form  of  Derve 
inations,  called  Pmmian  inrpusiles^  are  often  found  in  the  pancreas. 
The  Pancreatic  Juice.— The  Hecretion  of  the  pancreas  has  been 
ibtained  for  purposes  of  experiment  from  the  lower  animals,  especially 
he  dog,  by  opening  the  abdomen  and  exposing  the  duct  of  the  ghmd, 
hich  is  then  made  to  communicate  with  the  eJCterior.  A  pancreatic 
ll^la  is  thus  established* 

^H|  extract  of  pancreas  made  from  the  gland  which  has  been  removed 
^^wiQ  animal  killed  during  digestion  possesses  the  active  properties  of 
^Hfhtttic  secretion.  It  is  made  by  first  dehydrating  the  gland,  cut  up 
to  small  pieces,  by  keeping  it  for  some  days  in  absolute  alcohol,  and 
ken,  after  the  entire  removal  of  the  alcohol,  by  pounding  op  these 
oeces  into  a  pulpy  mass  and  placing  it  in  strong  glycerin,  A  glycerin 
octract  is  thus  obtained.  It  is  a  remarkable  fact,  however,  that  the 
mount  of  the  ferment  Irifpsin  greatly  increases  if  the  gland  be  exposed 
the  air  for  twenty-four  hours  before  placing  in  alcohol;  indeed,  a 
lycerin  extract  njade  from  the  gland  immediately  upon  the  removal 
the  body  often  appears  to  contain  none  of  the  ferments.  This 
ig  to  indicate  that  the  conversion  of  zymogen  in  the  gland  into  the 
grment  only  takes  place  during  the  act  of  secretion,  and  that  the  gland, 
though  it  always  contains  in  its  cells  the  materials  (trypsinogen)  out 
hich  tr\^sin  is  formed,  yet  the  conversion  of  the  one  into  the 
only  takes  place  by  degrees.  Dilute  acid  appears  to  assist  and 
►lerate  the  conversion,  and  if  a  recent  pancreas  be  rubbed  op  with 
ntc  acid  before  dehydration,  a  glycerin  extract  made  afterward,  even 
ough  the  gland  may  have  been  only  recently  removed  from  the  body, 
active. 
By  other  vehicles  may  be  employed  instead  of  glycerin,  r'//,,  brine, 
loroforra,  water,  dilute  methylated  spirit  acidulated  with  acetic  acid. 
Pro/?<?r^i>x¥.— Pancreatic  juice  is  colorless,  transparent,  and  slightly 
id,  alkaline  in  reaction.  It  varies  in  specific  gravity  from  1010  to 
I,  according  as  it  is  obtained  from  a  permanent  fistula— then  more 
terv — or  from  a  newly-opened  duct  The  aolids  vary  in  a  temporary 
ala  from  80  to  100  parts  per  thousand,  and  in  a  permanent  one  from 
to  50  per  thousand.  It  is  characterized  by  having  three  distinct  and 
rtaiit  eiuvmes  known  as  trypsin,  aniylopsin,  and  steapsin,  wliuse 
18,  respectivelyj  proteolytic,  amylolytic,  and  lipolytic  (fat-split- 
;  there  is  also  a  fourth  distinct,  though  less  important,  one  known 
case,  which  inverts  the  disaccharides. 
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Chkmical  CoMposiTioir  OF  Pancrbatig  Juicb  (C.  Schxidt). 


From  a  dog.  Beoent 

Water 900.76  Ueo.46 

Solids «9.24  ia55 

Organic  substances 90.44  12.71 

Ash 8.80  6.84 

Sodium  carbonate 0.58  S.31 

Sodium  chloride 7.35  2.50 

Calcium,  magnesium,  and  sodium  phosphates     0.53  0.08 

Functions, — (I.)  By  the  aid  of  its  proteolytic  or  proteid-spliti 
enzyme,  trypsin^  it  con\ ert8 proteids  into  proteoses  and pepiones^  but 
process  is  both  more  rapid  and  more  complete  than  in  gastric  digest: 
so  that,  in  the  final  result,  the  peptones  are  greatly  in  excess  of  tbej 
teoses.  The  proteids  pass  through  the  same  preliminary  stages  a 
gastric  digestion,  being  split  at  first  into  alkali-albumin,  then  i 
primary  proteoses,  both  proto-proteose  and  hetero-proteose,  and  t 
into  deutero-proteose;  but  tlie  first  stages  are  so  transient  that  i 
difficult  to  detect  either  the  alkali-albumin  or  primary  proteose. 
tills  reason  some  investigators  deny  the  existence  of  either  alkali-albn: 
or  primary  proteose  in  pancreatic  digestion.  The  deutero-album 
are  easily  demonstrated  in  the  earlier  stages,  but  become  very  scj 
later.  Anti-albuniid  is  found  as  a  side  product  in  artificial  digest 
but  is  not  present  in  normal  digestion.  Trypsin  also  has  the  powe 
splitting  a  certain  proportion  of  peptones  into  simpler  bodies,  sue 
h'f(ri)i^  or  amido-caproic  acid,  ft/rosin  or  paroxyphenyl-amido-propi( 
acid,  If/si }i,  hjsatinin^  tryptophan,  and  some  other  bodies.  Leuciu 
tyrosin  have  been  found  in  the  intestinal  contents,  so  that  this  dest; 
tion  of  hcmipeptone  must  take  place  "to  a  certain  extent  within  theb 
as  well  as  in  artificial  trvptic  digestion. 

In  laboratory  experiments  only  about  one-half  of  the  peptones 
be  changed  in  this  Avay.  The  more  stable  portion  which  cannot 
changed  is  usually  known  as  (tntip€pton(\  though  it  is  as  yet  undeci 
whether  this  term  represents  a  single  chemical  substance  or  a  comple: 
various  bodies;  recent  experiments,  however,  tend  to  show  that  it  re] 
sents  a  mixture  of  much  simpler  substances  than  peptone.  There 
several  theories  as  to  the  reason  or  use  of  this  change  into  leucin,  tjro 
etc.  One  of  the  most  plausible  is  that  it  saves  the  body  from  need 
work  when  too  much  proteid  food  has  been  taken;  the  breaking  dew 
the  intestine  of  bodies  only  slightly  removed  from  urea  relieves  the  1 
and  other  glandular  organs  from  the  strain  of  converting  anexcessof 
sorbed  proteid  material  into  a  form  in  which  it  can  be  excreted.  Anol 
theory  is  that  leucin,  tyrosin,  etc.,  are  essential  for  the  physiolog 
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ig  of  the  body,  io  soujg  unknowD  way,  just  oa  the  products  of  the 

i  gland  are. 

e  formation  of  the  decom position  prodtictd  indol  and  fikatol   is 

by  the  action  of  baeteria  on  proteids,  and  wilt  he  spoken  of  imder 
sr  heading. 

le  albuminous  or  proieid  Buhstances  which  have  not  been  converted 
leptone  and  absorbed  in  the  stomach,  and  the  partially  changtd 
ncea,  i\e.^  the  proteoses,  are  converted  into  peptone  by  the  pan- 
3  juice,  and  then  in  part  into  leiicin  and  ty rosin. 
te  ferment  trypsin  acts  best  in  nn  alkaline  niedinm,  but  will  ai't 
Q  a  neutral  medinni,  ur  in  the  presence  of  a  small  ainouiit  of  conn 
■cid;  it  will  not  work  in  the  presence  of  free  acid.  It  therefore 
Ffrom  pepsin  in  being  able  to  act  without  the  aid  of  any  other 
kDce  than  water.  In  the  process  of  tryptic  digestion,  proteid  mat- 
■i  not  swell  up  at  first  but  geenia  to  be  corroded. 
[)  iSiarch  is  co  fiver  fed  i?iift  jfudfose  in  an  exactly  siinihir  manner  to 
fhich  happens  with  salivn,  crythro-dtxtrine  and  one  or  more  achrou- 
being  the  intermediate  products.     The  amylolytic  enzyme  of 

dcreatie  juice,  which  cannot  be  diatiuguisbed  from  ptyalin,   is 
mylopsin.     The  maltose  thus  formed   is  converted  to  dextrose 

ast  before  or  during  its  absorption,  in  which  form  it  passes  into 

od.     This  converRion   is  in  part  due  to  the  action  of  the  enzyme 

)  Pancreatic  juice  possesses  the  proper  (if  oj  cuvclUntj  miJk\  contain* 
^>ecial  (rennet)  ferment  for  that  j>iirpose.  Tlie  fernient  is  distinct 
:ivp8ip,  and  will  act  in  the  presence  of  an  acid  (\V.  Roberts).  It  is 
Ktracted  by  brine.  The  milk-curdling  ferment  of  the  pancreas  ii*, 
le  pancreatic  extracts,  extremely  powerful,  insonmch  that  1  cc.  of 
e  extract  will  coagulate  oO  cc,  of  milk  in  a  minute  or  two. 
b  Oih  and  fats  are  emnhijfed  and  mpon Iff ed  by  pancTentlc  secro- 
^^heierwBemitlsiJication  m\d  suponificathn  may  need  a  little  ex- 
ion.  The  former  is  used  to  signify  an  important  mechanical 
» IB  oils  or  fats,  whereby  they  are  made  into  an  emulsion,  or  in 
words  are  minutely  subdivided  into  email  particles.  If  a  small 
fan  emulsion  he  looked  at  under  the  microscope  it  will  be  set-n 
aado  up  of  an  immense  number  of  minute  rounded  particles  of 
at,  of  varying  eizcs.  The  more  complete  the  emulsion  the  smaller 
so  particles.  An  emulsion  is  formed  at  once  if  oil  or  fat,  wluch 
dd  is  slightly  acid  from  the  presence  of  freo  fatty  acid,  is  mixed 

k alkaline  solution.     Saponification  signifies  a  distinct  chemical 
n  the  composition  of  oils  and  fats.     An  oil  or  a  fat  being  made 
mically  of  (jlycerluy  a  triatomic  alcohol,  and  ono  or  more  fatty 
idea,  when  an  alkali  is  added  to  it,  and  heat  ia  applied,  two 
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changes  take  place:  firstly,  the  oil  or  fat  is  split  up  into  glycerin,  ai 
its  corresponding  fatty  acid ;  secondly,  the  fatty  acid  combines  with  t! 
alkali,  to  form  a  sonp  nirhich  is  chemically  known  as  stearate,  oleate,i 
palmitate  of  potassium  or  sodium.  Thus  saponification  means  a  chei 
ical  splitting  up  of  oils  or  fats  into  new  compounds,  and  emnlsificatk 
means  merely  a  mechanical  splitting  of  them  up  into  minnte  partidc 
The  pancreatic  juice  has  been  for  many  years  credited  with  thepoH 
sion  of  a  special  ferment,  which  was  called  by  Claude  Bernard  steapA 
and  which  is  a  lipolytic  or  fat-splitting  ferment.  This  ferment  hasai 
been  isolated,  hut  its  presence  may  be  demonstrated  by  adding  portia 
of  the  fresh  pancreas  to  butter  or  other  fat  and  maintaining  the  prop 
temperature.  Its  action  is  made  manifest  by  the  liberation  of  butji 
acid,  which  smells  like  rancid  butter. 

The  generally  accepted  theory  is  that  only  a  small  portion  of  tl 
fat  which  is  eaten  is  thus  changed  into  ^-uap,  and  that  the  function  of  tl 
saponified  fat  is  to  assist  in  the  emulsitication  of  the  major  part,  a  pro 
ess  which  is  favorably  influenced  by  the  bile.  The  proper  emulsifie 
tion  of  fat  is  a  necessary  preliminary  to  its  absorption,  for  whei  i 
disease  the  entrance  of  the  pancreatic  juice  or  the  bile  to  the  intestii 
is  interfered  with,  tlie  ffeces  contains  a  great  excess  of  fat. 

Some  recent  ox periments.  liowcver,  toud  to  invalidate  the  emulsion  theorrai 
to  prove  that  tlie  entire  fat  of  tlie  food  is  changed  in  Ihe  intestine  into  fatty  ari( 
and  glycerine;  that  the  fatty  acids  are  entirely,  or  in  part,  changed  to  scyips;  an 
that  these  soa])s,  or  the  mixture  of  soaj)s  and  free  fatty  acids,  are  absorbed  iu  soli 
tion.  The  chief  facts  favoring  this  view  are  that :  (1)  The  action  of  steapsin  issa) 
liciently  nipid  to  allow  the  saponitication  of  a  fidl  fatty  meal  within  the  ordin^ 
period  of  digestion;  c2)  hi^^tological  examination  has  never  shown  that  fat  iwrticb 
can  j>ass  into  a  columnar  cell,  and  none  liave  ever  been  found  in  the  broad  stritid 
border  of  thtMM'll;  (:')  the  lat  globules  found  in  columnar  cells  after  a  fatty  e^ 
grow  steadily  larger  as  the  pericMl  of  al)sorption  progresses,  indicating  that  iLeTl 
deposite<l  ironi  solution;  (4)  the  fatty  acids  are  easily  soluble  in  bile  s«jluiions, I 
the  solnl)ility  of  the  soaps  is  greatly  increased  by  the  presence  of  bile.  The  fate 
stituents,  according  to  this  tln'ory,  are  recombined  in  the  columnar  cells  to  foi 
neutral  fats. 

Cnnditifuts  f)irortihlv  to  the  Action. — These  are  almost  praciselv  sii 
ilar  to  those  wliicli  have  been  mentioned  as  favorable  totheaetioD^ 
tlie  saliva,  and  the  reverse.  The  secretion  of  the  pancreatic  juice  i 
pears  to  be,  at  any  rate  in  sonio  animals,  r.//.,  the  rabbit  and  dog,  aln 
continuous;  the  How,  however,  is  not  uniform,  the  amouut  inc 
immediately  after  taking  food,  and  tlie  maximum  is  reached  in 
one  to  one  and  a  half  hours,  then  the  amount  falls  to  about  one-hd 
after  which  a  conspicuous  rise  occurs,  and  tliis  is  followed  b}'  a  gradfli 
fall  to  the  base  line.  The  nervous  mechanism  of  the  pancreatic  secretk 
has  only  recently  l)een  discovered  hy  Pawlow.  Increased  flow  of  secretin 
will  occur  on  stimulation  of  tlie  spinal  bulb  or  cord,  or  of  the  gland  i 
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even  after  division  of  the  vagus.  By  epectul  methods  of  investiga* 
^wlow  has  found  that  the  innervation  of  the  pancreaa  ia  Bomawhat 
liil&r  to  that  of  the  aalivary  gluntlB.  Stimulation  of  both  the  vagua 
sympathetic  nerves,  uuder  proper  couditiooa,  ^ill  cause  a  flow  of 
ition^  but  the  fieoretion  la  more  abundant  in  the  case  of  the  vagus. 
nerves  appear  to  contain  secretory  fibres;  they  are  more  numerousi 
irever,  in  the  vagus,  ^bile  tropbio  fibres  or  tliose  which  cause  u  build* 
;  up  of  the  secretion  materials  in  the  gland  cells  are  more  abundant 
the  sympathetic*  In  function  t!ie  rerves  are  analogous  to  the  chorda 
ipani  and  sympatbetio  of  the  submaxillury  gland.  The  gland  will 
liinne  to  secrete  after  the  section  of  all  of  its  nerves,  and  in  this  re- 
%  18  said  to  differ  from  the  Bid i vary  glands.  The  secretion  ap- 
to  be  called  forth  on  the  introduction  of  food  into  the  etomach, 
the  blood-vessels  of  the  gland  become  much  dilated,  and  the  se- 
ion  continues,  as  we  have  seen,  for  many  hours  after  n meal;  indeed, 
be  continuous.  The  pressure  of  the  secretion  is  not  so  great  as  in 
case  of  the  salivary  glands;  the  maximum  pressure  in  the  duct  is 
not  to  exceed  17  mm.  of  mercury. 
The  amount  of  secretion  per  diem  is  not  definitely  known  but  is  ap- 
Ornately  estimated  to  be  about  half  a  litre. 


The  Liver. 

The  Liver,  the  largest  gland  in  the  body,  situated  in  the  abdomen 
the  right  side  chiefly,  is  an  extremely  vascular  organ,  and  receives 
supply  of  blood  from  two  distinct  Bonrces,  viz.,  from  the  portal  tfein 
from  the  hepatic  artery ^  while  the  blood  is  returned  from  it  into  the 
f  cava  inferior  by  the  hepatic  retns.     Its  secretion^  the  biley  is  con- 
ed from  it  by  the  hepatic  duct,  either  directly  into  the  intestine,  or, 
digestion  is  not  going  on,  into  the  cifstic  duct,  and  thence  into 
•bladder,  where  it  accumulates  until  required.     The  portal  vein, 
ic  artery,  and  hepatic  duct  branch  together  throughout  the  liver, 
the  hepatic  veins  and  their  tributaries  run  by  themselves. 
the  outside,  the  liver  has  an  incomplete  covering  of  peritoneum, 
beneath  this  is  a  very  fine  coat  of  areolar  tissue,  continuous  over 
whole  snrfaco  of  the  organ.     It  is  thickest  where  the  peritoneum  is 
it»  and  is  continuous  on  the  general  surface  of  t3ie  liver  with  the 
ind,  in  the  human  subject,  almost  imperceptible  areolar  tissue  in- 
g  the  lobules.     At  the  transverse  fissure  it  is  merged  in  the  areolar 
ent  called  Glisson's  e^ipsule,  which,  surrounding  the  portal  vein, 
artery,  and  hepatic  duct,  as  they  enter  at  this  part,  accompanies 
their  bmnches  through  the  substance  of  the  liver* 

)tcture» — The  liver  is  made  up  of  small  roundish  or  oval  portions 
25 
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called  lobuh's^  each  of  wliirli  is  about  ^V  *^^  ^'^  inch  (about  1  mm.)  j 
diameter,  and  composed  of  the  mi  on  to  braimhes  of  the  portal  vein,  1 
patic  artery,  hepatic  duet,  and  hepatio  vein ;  while  the  interstices  of  tli 


Tift.  888.— The  Uv«r  from  b«low  and  hehlnd,    L  S,,  SplffelUn  lob(»;  L 
quftdrate  loh« :  R.L.^  right  lobH»;  LL.^  left  liibc':  gMl..  j^l-bliul'lHr; 
u./.,  iimbiljca)  Asaurv^:  f.ti.v.^  flw»ure  of  the  ductus  TeDonie;  p,  purLal  i 
bvpatlc  artery  ftad  blle-tluet.     ( Wesley «  from  a  Ula  model.) 

veseels  are  filled  by  the  liver  cells.     The  heputio  cells  (fig,  254), 
form  the  glandular  or  secreting  part  of  the  liver,  are  of  a  spheruiJ 
form,  somewhat  polygonal  from  mutual  pressure  about  ^J^  to 
(about  ^\  to  ^V  til  HI*}  iti  dhimcter,  possessing  one,  sometimes  two  mic 
The  cell-substance  contains  numerous  fatty  molecules,  and  possibly  / 


grauulea  of  bile-plgmeut,  as  well 
as  a  vanablo  amouut  of  glycogen. 
The  cells  somctimea  exhibit  slow 
amoeboid  movements.  They  are 
held  together  by  a  very  delicate 
BUS  tentacular  tisaue,  continuous 
with  the  ioterlobular  connective 
tissue. 


S^T^^^^^^^^^-^ 


i\ 


Fiff.  867.  Tig.  908. 

Figf.  867. -^A.  Liver-<»ella,    B.  HUto,  contnlnlnf^  vartoiia-RlsBi-il  partlelt^aof  fat. 

Fl(f.  26>S.— I^ngftudinn)  oectlon  of  n  (joridl  cuiinl,  conUUnlnj?  b  (MirMll  v««jo,  bepttUc  i 
faepatic  du€k  from  the  pijjj.    i»,  brHin'li  of  vt^on  purtn?,  silnale  iu  n  porUil  c&ual  formed  i 
lobulce  of  the  liver,  f,  t^  »mX  Hnvin>;  <>fT  vu^inal  brnnehfm;  thi^ire  ansniso  «»h*u  within  the  Ia  ^ 
vfin  immen>ufl  orifLoea  of  ttio  tiMiAlk'^^t   mu»riubul&F  vetua  arifijug  directly  (ruiu  U;  oTj 
artery;  d,  htspaik  dUGU    X  fiv    IKieruui). 
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I  Biiderstand  the  diBtribution  of  the  blood-vessel 8  iti  the  liver,  it 
be  well  to  trace,  first,  the  two  blood-vesaels  and  the  duct  which  enter 
irgan  on  the  under  surface  at  the  transverse  fissure,  viz,,  the  portal 
hepatic  artery,  and  hepatic  duct.  As  before  remarked,  all  three 
in  company,  and  their  appearance  on  longitudinal  section  is  shown 
J.  268,  Running  together  through  the  substance  of  the  liver,  they 
ontalned  in  small  channels  called  jmriai  atnah,  their  immediate  in- 
nent  being  a  sheath  of  areolar  tissue  continuous  with  Glisson^a  cap- 


*o  take  the  distribution  of  the  portal  vein  first : — In  its  course  through 
iver  this  vessel  ^ives  otT  small  branches  which  divide  and  subdivide 
^n  the  lobules  surrounding  them  and  limiting  them,  and  from  this 
mstaBce  called  m/er-lobular  veins.  From  these  small  vessels  a 
i  capillary  network  is  prolonged  into  the  substance  of  the  lobule. 


P  h 

J  — CtofllATj  network  of  the  lobiife«t  of  th«*  mhbit  "h  IIvit.    Tbc^  figure  ia  taken  from  a  Tcry 
I  Injection  of  thf  het>alic  veins,  madp  tij  Harllnifr  it  sliow»  nearljr  the  whole  of  t«ro  k>- 
I  pmrti  of  thref*  otbere  ;  p,  portal  brjuicnes  running  in  tiie  interlobiiLor  spacea;  h^  hepatic 
pezn^tnLtlu^  Bud  r&diatiug  from  the  centre  of  the  lobultjs.     X  45.    (KdlUker.) 

this  network  gradually  gathering  itself  up,  so  to  speak,  into  larger 
ek,  converges  finaOy  to  a  single  small  vein,  occupying  the  centre  of 
lobule,  and  hence  called  i^^/r^f- lobular.     This  arrangenient  is  well 

in  fig.  269,  which  represents  a  transverse  section  of  a  lobule. 
Phe  small  iniraAohnl&r  veins  discharge  their  contents  into  veins 
id  ^wWobular  (h  h  h,  fig.  270),  while  these  again»  by  their  union, 
I  the  main  brunches  of  the  hepniic  veins,  which  leave  the  posterior 
©r  of  the  liver  to  end  by  two  or  three  principal  trunks  in  the  infe- 
Tens  cava,  just  before  its  passage  through  the  diaphragm.  The 
lobular  and  hepafic  vnns,  unlike  tlie  portal  vein  and  its  companions, 

little  or  no  areolar  tissue  around  them,  and  their  coats  being  very 
,  they  form  little  more  than  mere  channels  in  the  liver  substance 
b  closely  surrounds  them* 

ler  in  which  the  lobules  are  connected  with  the  sublobular 


FUr.  270 


Tig.  271 


FIk.  2f70  -Section  of  «  portloii  of  liver  poAsliis:  lonfritudiOAUy  thWMMii  m  ooD«jd«r«bl« 
vein,  from  ibe  piK-  ii.  ht»|>fttic  venouts  trunks  a^aWl  which  tli©  sides  of  (be  lobuies  O)  arft 
j^  /t,  /i,  Kubltibuliir  hepatic  vHuh,  oti  which  Uiv  ba>i«H  of  the  lobutes  tiett,  tuui  thrtmfm  tbo 
which  Uiey  are  aeeii  jib  pitlvfroiml  fl^uni»;  i,  umjuHi  of  the  iotnaL^biilAr  rvins,  npeoing  hrto 
lobuLM*  wmoMi  i\  Inttulobijlitr  veliM  sliown  paceie^  up  tla;  centre  of  some  dfiriij<>(|  (obuk«; 
■urfaoeof  tfaeUver;  c»  c,  waJls  of  the  hflpAtic  venuua  canal,  fonmxl  by  the  polyitfooal  ' 
lobutes.    X  5.     (KJeman. ) 

Fig.  S71— Portion  of  &  lobuJe  of  llTOT.    a,  bile  capillaries  between  Uver-eelki  the 
whteh  Is  well  swo ;  h^  bUmd  eapUlaries.     X  S50.     (Kleiu  and  Noble  Smilii.  i 

The  hepatic  artery,  the  chief  function  of  which  is  to  distribute 
for  nntriticm  to  GUsson's  capsule,  the  walls  of  the  ducts  and  blod 
sela,  and  other  parts  of  the  liver,  la  distrihuted  in  a  very  similar  iq 

P 


r;.i 


r 
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Ttg.  Wn  —Hepatic  cellfl  and  bile  capdhiries,  from  the  Uv«r  of  a  cbild  three  moQihs*  d 
DiglKrai  represent  frnjirnitnt^  of  a  K.ectJon  eorrlert  thrxm^h  the  periphery  of  n  lobule.  Tht 
pusclea  of  the  blocxi  are  recajrriized  by  their  circular  contour;  vp^  oomeepoods  to  an  Inti 
vein  In  imniedl&tejiroxjnslty  with  which  are  the  epItlieliAl  cell»or  the  biliary  ducta,  to  wbk 
lowor  pan  of  Um  ngurm,  the  much  larger  hepatic  cells  suddenly  miooeed.    CS.  Heriog.) 

to  the  portal  veinj  its  bbod  being  returned  b;  email  branchefl  < 
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K>  tlie  rami fi cations  of  the  portal  vein,  or  into  the  capillary  plexue  of 
llobales  whieli  connect  the /^vier- and  tw/'ra-lobular  veinB. 
The  hepatic  duct  divides  and  subdivides  in  a  manner  very  like  that 
the  portal  vein  and  hepatic  artery,  the  larger  brandies  being  lined 
cylindrical^  and  the  smaller  by  small  poltftjoua!  epithelium. 
Th©  bile-capillaries  commence  between  the  hepatic  cells,  and  are 
by  a  delicate  membranous  wall  of  their  own.  They  appear  to 
bounded  by  hepatic  cells  on  all  sides,  and  are  thus  separated 
le  nearest  blood-capillary  by  at  least  the  breadth  of  one  cell  (figs, 
272). 


The  Gall-bladder. 

Gall-bladder  {g^M.  fig.  2Gr;)  is  a  pyriform  bag,  attached  to  the 

of  the  liver,  and  snpported  also  by  the  peritoneum,  which 

it.     The  larger  end,  or  fnndu!^^  projects  beyond  the  front 

^  the  liver;  while  the  smaller  end  contracts  into  the  cystic  duct. 

ure^ — The  walls  of  the  gall-bladder  are  constructed  of  three 

coats.     (1)  Externally  (excepting  that  part  which  is  in  contact 

le  liver)  is  the  .seroum  coat,  which  has  the  same  structure  as  the 

itoneom,  with  which  it  is  continuous*     Within  this  is  {2)  ih{i  Jibrous 

^areolar  coat,  constructed  of  tough  fibrous  and  elastic  tissue,  with 

leh  18  mingled  a  considerable  number  of  plain  muscular  fibres,  both 

eitiidiiial  and  circular.     (3)   Internally  the  gall-bladder  is  lined  by 

Dans  membrane,  and  a  layer  of  columnar  epithelium.     The  surface 

the  mucous  membrane  presents  to  the  naked  eye  a  minutely  honey- 

ibed  appearance  from  a  number  of  tiny  polygonal  depressions  with 

prrening  ridges^  by  which  its  surface  is  mapped  out.     In  the  cystic 

i  the  mucous  membrane  is  raised  up  in  the  form  of  crescentic  folds, 

ch  together  appear  like  a  spiral  valve,  and  which  minister  to  the 

^ou  of  the  gall-bladder  in  retiiining  the  bile  during  the  interval  of 

mikm* 

the  gall*bladder  and  all  the  main  biliary  ducts  are  provided  with 
EMUS  glands^  which  open  on  the  internal  surface. 


Functions  of  the  Ltveel 

le  function  of  the  liver  in  connection  with  digestion  is  to  secrete 

I  bile,  and  may  be  now^  considered.     The  other  functions  in  conneo- 

[  with  the  general  metabolism  of  the  body,  and  particularly  its  gly- 

jc  function,  will  be  discussed   later  on.     First  of  all  it  will  be  as 

-  take  the  composition  and  functions  of  the  bile,  and  afterward  to 

its  mode  of  secretion. 


390  HANDBOOK  OP  PHT8IOL0GT. 


The  BUe. 

Properties. — Thebileisasomewhat  viscid  fluid,  of  a  yeUow,  red 
yellow  or  green  color,  a  strongly  bitter  taste,  and^  when  fresh,  wi 
scarcely  perceptible  odor:  it  has  a  neutral  or  slightly  alkaline  reac 
and  its  specific  gravity  is  about  1020.  Its  color  and  degree  of  coi 
ence  vary  much,  quite  independent  of  disease ;  but,  as  a  rule,  bile  beo 
gradually  more  deeply  colored  and  thicker  as  it  advances  along  its  d 
or  when  it  remains  long  in  the  gall-bladder,  wherein,  at  the  same  t 
it  becomes  more  viscid  and  ropy,  darker,  and  more  bitter,  mainly  1 
its  greater  degree  of  concentration,  on  account  of  partial  absorptic 
its  water,  but  also  from  being  mixed  with  mucus. 

CHEiacAL  CoMPOsmoN  OF  Human  Bile.     (Frerichs.) 

Water 850.8 

Solids— Bile  salts 91.5 

Fat 9.2 

Cholesterin 2.6 

Mucus  and  coloring  matters                .         29.8 
Salt8 7.7 

140.8 

1000.0 

{a)  Bile  salts,  sometimes  termed  Bilin,  can  be  obtained  as  coloi 
exceedingly  deliquescent  crystals,  soluble  in  water,  alcohol,  and  alk 
solutions,  giving  to  the  watery  solution  the  taste  and  general  chara 
of  bile.  They  consist  of  sodium  salts  of  glycocholic  and  taurocl 
acids.  The  fornuila  of  the  former  salt  being  C26H48NaN06,  and  ol 
latter  C26H44NaN07S. 

The  bile  acids  are  easily  decomposed  by  the  action  of  dilute  acids  or  all 
thus: 

C„H4,NO«  +  H,0  =  C,H5N0,  +  C,4H4«0. 
Glycocholic  Acid.  Glycln.  Cbolic  Acid. 

and  C,eH45NO,S  +  H,0  =  CHtNCS  +  C,4H4oO. 
Taurocholic  Acid.  Taurin.  Cholic  Acid. 

Glycin,  or  glycocin.  is  amido-acetic  acid,  i.e.,  acetic  acid  C9H40«,  witi 
of  the  atoms  of  H  replaced  by  the  radical  amidogen  NH«,CsHj(NH 
C9H6NO3.  Taurin  likewise  is  amido-isethionic  acid.  Isethionic  acid  if 
phurous  acid  HjSOj,  in  which  an  atom  of  H  is  replaceti  by  the  moooC 
radicle  oxy-ethylene,  CaH40H,  viz.,  H(C8H40H)SOj,  and  in  amido-iselii 
acid,  the  OH  hydroxyl  in  this  radicle  is  replaced  by  amidogen  NHt, 
H(C,H4NHa)S0,  =  CaH,NSO,.  The  proportion  of  these  two  salts  in  theW 
different  animals  varies,  e.g.,  in  ox  bile  the  glycocholate  is  in  greatei 
whereas  the  bile  of  the  dog,  cat,  bear,  and  other  camivora  contains  tanv 
late  alone ;  in  human  bile  the  glycocholate  is  in  excess  (4.8  to  1.5). 

Preparation  of  Bile  Salts. — Bile  salts  may  be  prepared  in  the  folto 
manner :  mix  bile  which  has  been  evaporated  to  a  quarter  of  its  bulk 
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imal  chATCoal,  and  eraporate  to  perfect  dryness  in  a  water  bath.  Next  ex< 
%  the  mass  while  stiU  warm  with  absolute  alcohol.  Separate  thp  alcoholic 
^act  by  filtration,  and  to  it  add  perfet^tly  auliydrotis  ether  as  long  as  a  pre- 
is  thrown  down.  The  solution  and  precipiUate  should  be  set  aside  in 
ly  stoppered  brittle  for  some  dayw,  when  cryetalii  of  the  bile  salts  or  bilin 
ha^ve  separated  otit.  The  glycocbolato  may  be  separated  from  the  tauro- 
by  dissolving  bilio  in  water,  and  adding  t-o  it  a  solution  of  neutral  lead 
and  then  a  little  basic  lead  acetate,  when  lead  glyeix'holate  sef>arates 
Filter  and  add  Uj  ttie  filtrate  lead  acetate  and  ammonia,  a  precipitate  of 
tanrocholate  will  be  formed,  which  may  tx*  filtered  off.  In  both  c^iseSt  the 
may  be  got  rid  of  by  suspending  or  dissolving  in  hot  alcohol,  adding 
Qrdrogen  sulphide,  filtering  and  aUowing  the  acids  to  separate  out  by  the  ad- 
itioQ  of  water. 

The  Test  for  bile  salts  is  known  as  Pettenkofor's*     If  to  an  aqueous 

lion  of  the  salts  strong  Bulpiiuric  acid  be  added,  the  bile  acids  are 

-  of  all  precipitated,  but  ou  the  further  addition  of  the  acid  are  re- 

Jssolved,     If  to  the  solution  a  drop  of  solution  of  cane  sugar  be  added, 

fine  deep  cherry  red  to  purple  color  is  developed. 

The  reaction  will  also  occur  on  tlte  addition  of  grape  or  fruit  sugar  instead 
came  sugar,  slowly  with  the  first,  quickly  with  the  last;  and  a  color  similar 
tiie  above  is  protluced  by  the  action  of  sulphuric  acid  and  sugar  on  albuiiien, 
B<a7Stalliue  lens,  nerve  tissue,  oleic  acid,  pure  ether,  choleaterin,  morphia^ 
odeia  and  amylio  alcoboL  The  substance  which  gives  the  reaction  is  furfur - 
kkkj/de,  formed  by  the  action  of  sulphuric  ou  sugar.  Furftir- aldehyde  with 
ic  acid  gives  the  red  color. 

The  gpectnim  of  Pettenkofer's  reflation,  when  the  fluid  is  moder- 
diluted,  shows  four  bands — the  most  marked  and  broadest  at  E, 
Hd  a  little  to  the  leftj  another  at  Fj  a  third  between  D  and  E,  nearer 
a  D;  and  the  fourth  near  D, 
(^)  The  yellow  cQloring  matter  of  the  bile  of  man  and  the  Carnivora 
termed  Bilirubin  or  BiUfnlvin  (CiaHisNaOa)  crystailizable  and  in- 
Je  in  water,  soluble  in  chloroform  or  carbon  disulphide;  a  green 
iog  matter,  Bilivn'tlin  (C,„n,^N,^OJ  which  always  exists  in  liir^e 
lount  in  the  bile  of  Ilerbivora,  being  formed  from  bilirnbiu  on  expo- 
re  to  the  air,  or  by  subjecting  the  bile  to  any  other  oxidizing  agency, 
by  adding  nitrous  acid.  Biliverdin  is  soluble  in  alcohol,  ghicial  acetic 
\  and  strong  sulphuric  acid,  hot  insoluble  in  water,  in  chloroform 
ether.  It  ia  usually  amorphous  but  may  sometimes  crystallize  in 
rhombic  platea.     Wlicn  the  bilo  iins  been  long  in  the  gall-bladder, 

pigment,  Biliprasin^  may  bo  also  foond  in  small  amount. 
cases  of  biliary  obstrnctiou,  the  coloring  matter  of  the  bile  is  re- 
^bed  and  circulates  with  tho  blood,  giving  to  the  tiaaues  the  yellow 
haracteriatic  of  jaundice. 

e  coloring  matterH  of  human  bile  do  not  appear  to  give  character- 
c  iibaorption  sjiertra;  but  the  bile  of  the  Guinea-pig,  rabbit,  mouse, 
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sheep,  ox,  and  crow  do  80,  the  most  constant  of  which  appean 
band  at  F.  The  bile  of  the  sheep  and  ox  g^res  three  bands  in 
layer^  and  four  or  five  bands  with  a  thinner  layer^  one  on  each 
D,  one  near  E^  and  a  faint  line  at  F.     (McMunn.) 

There  seems  to  be  a  close  relationship  between  the  coloring 
of  the  blood  and  of  the  bile^  and  it  may  be  added,  between  th* 
that  of  the  urine  {urobilin),  and  of  the  fsdces  (stercohilin)  als 
probable  they  are,  all  of  them,  varieties  of  the  same  pigment,  or 
from  the  same  source.  Indeed  it  is  maintained  that  Urobilin  is 
cal  with  Hydrobilirubiny  a  substance  which  in  alkaline  solution 
green  fluorescence  with  zinc  chloride,  which  is  obtained  from  b: 
by  the  action  of  sodium  amalgam,  or  by  the  action  of  sodium  ai 
on  alkaline  hsematin ;  both  urobilin  and  hydrobilirubin  giving  a 
teristic  absorption  band  between  b  and  F.  They  are  also  identic 
stercobilin,  which  is  formed  in  the  alimentary  canal  from  bile  pi( 


Fl|?.  :;78.— Crystalline  scales  of  cholesterin. 

The  Test  (Gmolin's)  for  the  presence  of  bile-pigimnt  consists 
addition  of  a  small  (luiintity  of  nitric  acid,  yellow  with  nitrous  f 
bile  bo  present,  a  play  of  colors  is  produced,  beginning  with  gre 
passing  through  blue  and  violet  to  red,  and  lastly  to  yellow.  Th 
yellow  substance  has  been  called  chnletcUn,  The  spectrum  of  Gi 
test  gives  a  black  band  extending  from  near  b  to  beyond  F. 

(r)  Fatty  substances  are  found  in  variable  proportions  in  th 
Besides  those  siiponiliable  fats,  there  is  a  small  quantity  of  ChoU 
which  is  an  alcohol,  and,  with  the  free  fats,  is  probably  held  in  s< 
by  the  bile  salts.  It  is  a  body  belonging  to  the  class  of  monatomi 
hols  (C„II,jOH,  Obermi'iller),  and  crystallizes  in  rhombic  plate 
273).  It  is  insoluble  in  water  and  cold  alcohol,  but  dissolves  ea 
boiling  alcohol  or  in  ether.  It  gives  a  red  color  with  strong  sul 
acid,  and  with  nitric  acid  and  ammonia;  also  a  play  of  colors  beg 
with  blood  red  and  endin^;  with  green  on  the  addition  of  sulphuri 
and  chloroform.  Lprithin  (C„H,>'PO,)  is  also  found:  it  is  a  coi 
tionof  cholin  with  glycerophosphoric  acid  in  which  two  of  the  hy 
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itoms  of  the  gljcerine  are  replaced  by  radicals  of  the  fatty  acide,  nsualij 

ic  Bud  palmitic  acids. 

{d}  The  Mucua  in  bile  is  derived  from  the  mucous  membrane  and 
Imds  of  the  gall-bladder,  and  of  the  hepatic  ducte>     It  constitutes  the 

idue  after  bile  is  treated  with  alcohol.  The  epithelium  with  which  it 
mijied  may  be  detected  in  the  bile  with  the  microscope  in  the  form  of 
ylifldrical  cells*  either  scattered  or  still  held  together  in  layers.  To 
Ibe  presence  of  the  mucus  is  probably  to  be  ascribed  tlie  rapid  decom- 
Kisition  of  the  bile;  for,  according  to  Berzeliua,  if  the  mucus  be  sepa- 
■Sed,  it  will  remain  unchanged  for  many  days. 

{e)  The  Saline  or  inorgame  eonstiiuenis  of  the  bile  are  similar  to 
ko€e  found  in  most  other  secreted  fluids*  It  is  possible  that  the  car- 
xmate  and  neutral  phosphate  of  sodium  and  potassium,  found  in  the 

Bs  of  bile,  are  formed  in  the  incineration,  and  do  not  exist  as  such  in 

fluid.  Oxide  of  iron  is  said  to  be  a  common  constituent  of  the  ashes 
I  bile,  and  copper  is  generally  found  in  healthy  bile,  and  constantly  in 
kiliary  calculi. 

{J)  Ga^, — Small  amounts  of  carbonic  acid,  oxygen^  and  nitrogen 
may  be  extracted  from  bile, 

Fanctions  of  the  Bile. — Though  it  is  not  a  true  digestive  fluid,  in 
bat  it  has  no  ferment  and  digests  nothing  itself,  yet  it  must  be  regarded 
important  aid  to  digestion  for  the  following  reasons:    There  is  little 

ibt  that  it  {a)  assists  in  cmnhift/inf/  the  fais  of  the  food,  and  thus 
Hmdering  them  capable  of  passing  into  the  -acteala  by  absorption.  For 
i  has  appeared  in  some  experiments  in  which  the  common  bile-duct 
IS  tied,  that,  although  the  process  of  digestion  in  the  stomach  was  un- 
Bdctedf  chyle  w^as  no  longer  well  formed ;  the  contents  of  the  lac  teals 
msigtingof  clear,  colorless  fluid,  instead  of  being  opaque  and  white,  as 
ley  ordinarily  are,  after  feeding.  It  is,  howcTer,  the  combined  action 
[the  bile  with  the  pancreatic  juice  to  which  the  emulsification  is  due 
Itber  than  to  that  of  the  bile  alone.  Tho  bile  itself  has  a  Tery  feeble 
iDuUifying  power.  If  the  theory  be  accepted  that  fats  are  absorbed  as 
itty  acids  and  soaps,  io  solution,  the  action  of  the  bile  becomes  very 
{Ktrtant  because  solutions  of  bile  salts  have  the  power  of  dissolving 
le  fatty  acids. 
(H)  It  is  probable,  also,  that  the  mmstening  of  the  mucous  membrane 
the  intestines  by  bile  facilitates  absorption  of  fatty  matters  through  it, 
(r)  The  bile,  like  the  gastric  fluid,  has  a  certain  but  not  very  con- 
lerable  antiseplic  power,  and  may  serve  to  prevent  the  decomposition 
food  during  the  time  of  its  sojourn  in  the  intestines.  Experiments 
ow  that  the  contents  of  the  intefitines  are  much  more  foHid  after  the 
iDmon  bile-duct  has  been  tied  than  at  other  times r  moreover,  it  is 
nd    that   the  mixture  of  bile  with  a  fermeuting  fluid  stops  or  spoils 

procees  of  fermentation.     This  function  may,  very  probably,  be  ex- 
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plained  by  its  so  aiding  fat  digestion  that  the  fats  are  absorbed  befor 
they  cau  decompose. 

(d)  The  bile  has  also  been  considered  to  act  as  a  natural  pnrgatin 
by  promoting  an  increased  secretion  of  the  intestinal  glands,  and  b; 
stimulating  the  intestines  to  the  propulsion  of  their  contents.  This  riei 
receives  support  from  the  constipation  which  ordinarily  exists  in  jao& 
dice,  from  the  diarrhooa  which  accompanies  excessive  secretion  of  biki 
and  from  the  purgative  properties  of  ox-gall. 

(e)  The  bile  appears  to  have  the  power  of  precipitating  the  goitfk 
proteoses  and  peptones^  together  with  the  pepsin^  which  is  mixed  up  with 
them,  as  soon  as  the  contents  of  the  stomach  meet  it  in  the  dnodennm. 
It  thus  stops  the  action  of  the  pepsin.  The  purpose  of  this  operation  ii 
probably  both  to  delay  any  change  in  the  proteoses  until  the  pancrettio 
juice  can  act  upon  them,  and  also  to  prevent  the  pepsin  from  exercisiog 
its  solvent  action  on  the  ferments  of  the  pancreatic  juice.  In  some  ntj 
its  presence  seems  also  to  aid  the  action  of  trypsin. 

(/)  As  an  excreinentitious  substance,  the  bile  may  serve  especially  aa 
a  medium  for  the  separation  of  certain  highly  carbonaceous  substanoea 
from  the  blood;  and  its  adaptation  to  this  purpose  is  well  illustrated iif 
the  peculiarities  attending  its  secretion  and  disposal  in  the  fcetus.  Dar- 
ing in  tra-uterino  life,  the  lungs  and  the  intestinal  canal  are  almost  in-, 
active;  there  is  no  respiration  of  open  air  or  digestion  of  food;  the* 
are  unnecessary,  on  account  of  tlie  supply  of  well-elaborated  nutriment 
received  by  the  vessels  of  the  fuetus  at  the  placenta.  The  liver,  during 
the  same  time,  is  proportionately  larger  than  it  is  after  birth,  and  the 
secretion  of  bile  is  active,  although  there  is  no  food  in  the  intestinil 
canal  upon  which  it  can  exercise  any  digestive  i)roperty.  At  birthi, 
the  intestinal  canal  is  full  of  concentrated  bile,  mixed  with  intestinil- 
secretion,  and  this  constitutes  the  mecoyiium,  or  fasces  of  the  fcetniii 
In  the  fa^tus,  therefore,  the  main  purpose  of  the  secretion  of  bile  mnit' 
be  directly  excretive.  Probably  all  the  bile  secreted  in  foetal  life  il; 
incorporated  in  the  meconium,  and  with  it  discharged,  and  thus  tki 
liver  may  bo  said  to  discharge  a  function  in  some  sense  vicarious  rf 
that  of  the  lungs.  For,  in  the  foetus,  nearly  all  the  blood  coming  fro* 
the  placenta  passes  through  the  liver,  previous  to  its  distribution  tl 
the  several  organs  of  the  body;  and  the  abstraction  of  certain  sub- 
stances will  purify  it,  as  in  extra-uterine  life  it  is  purified  by  the  sepa* 
tion  of  carbon  dioxide  and  water  at  the  lungs. 

Mode  of  Secretion  and  Discharge, — The  secretion  of  bile  is  contift 
ually  going  on,  but  is  retarded  during  fasting,  and  accelerated  on  tal 
food.     This  has  been  shown  by  tying  the  common  bile-duct  of  a  4 
and  establishing  a  fistulous  opening  between  the  skin  and  gall-bladd 
whereby  all  the  bile  secreted  was  discharged  at  the  surface.    It 
noticed  that  when  the  animal  was  fasting,  sometimes  not  a  drop  of 
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iras  discharged  for  several  boars;  but  that,  in  about  ten  minutes  after 
the  introdQctioo  of  food  into  the  Btomuch,  the  bile  began  to  flow  abuQ* 
dantlj,  and  continued  to  do  so  during  the  wbole  period  of  digestion. 

The  bile  is  formed  in  the  hepatic  cells;  thence,  being  discharged 
into  the  minute  hepatic  duets,  it  passes  into  the  larger  trunks,  and  from 
the  main  hepatic  duct  may  be  carried  at  once  into  the  duodenum. 
This  probably  happens  only  while  digestion  is  going  on,  i.f\,  for  5  to  7 
hours  after  the  introduction  of  food  into  the  stomach;  during  fasting, 
it  regurgitates  from  the  common  bile-duct  through  the  cystic  duct,  into 
the  gall-bladder,  where  it  accumulates  till,  in  the  next  period  of  diges^ 
tioD,  it  is  discharged  into  the  intestine.  The  gall-bladder  thus  fulfils 
its  oflBce,  that  of  a  reservoir;  for  its  presence  enables  bile  to  be  con- 
stantly secreted,  yet  insures  its  employment  in  the  service  of  digestion, 
ilthough  digestion  is  periodic,  and  the  secretion  of  bile  cunstimt. 

The  mechanism  by  which  the  bile  passes  into  the  gall-bladder  is 
simple.     The  orifice  through  wiiich  the  common  bile-duct  communi- 
cates with  the  duodenum  is  narrower  tlian  the  duct,  and  appears  to  be 
cloeed^  except  when  there  is  suflQcient  pressure  behind  to  force  the  bile 
throogh  it.     The  pressure  exercised  upon  the  bile  secreted  during  the 
intervals  of  digestion  appears  insufficient  to  overcome  the  force  with 
which  the  orifice  of  the  duct  is  closed;  and  the  bile  in  the  common 
duct,  finding  no  exit  in  the  intestine,  traverses  the  cystic  duct,  and  so 
fieses  into  the  gall-bladder,  being  probably  aided  in  this  retrograde 
course  by  the  peristaltic  action  of  the  ducts.     The  bile  is  discharged 
from  the  gall-bladder  and  enters  the  duodenum  on  tho  introduction  of 
food  into  the  small  intestine:  being  pressed  on  by  the  contraction  of 
the  coats  of  the  gall-bladder,  and  of  the  common  bile-duct  also;  for  both 
these  organs  contain  unstriped  muscular  fibre-cells.     Their  contraction 
is  excited  by  the  stimulus  of  the  food  in  the  duodenum  acting  so  as  to 
produce  a  reflex  movement,  the  force  of  which  is  sufficient  to  open  the 
orifice  of  the  common  bile-duct,  which  is  closed  hy  a  sphincter. 

Bilo  is  not  pre-formed  in  the  blood.  As  just  observed,  it  is  secreted 
hy  the  hepatic  cells,  although  some  of  its  constituents  may  he  brought 
to  them  almost  in  the  condition  for  immediate  secretion.  The  blood 
from  which  the  liver  cells  BGcrete  the  bile  is  that  supplied  to  them  by  the 

L  jortal  vein.     This  is  shown  by  the  alterations  which  occur  in  the  pro- 
1  on  the  alteration  of  the  pressure  in  the  portal  system.     If  the  portal 

"^Tein  be  obstructed,  the  amount  of  bile  secreted  diminishes,  and  is  nlti- 
tately  suppressed,  death  resulting.  It  has,  however,  been  shown  that 
nder  extniordinary  circumstances  bile  may  be  secreted  hy  the  aid  of 
le  blcM>d  from  the  hepatic  artery,  since  if  a  branch  of  the  portal  vein 
I  tied,  the  part  of  tho  liver  supplied  by  it  continues  to  secrete  bile, 
longh  in  diminished  quantity.  When  the  discharge  of  the  bile  into 
le  intestine  is  prevented  by  an  obstruction  of  some  kind,  as  by  a  gall- 
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8ione  blockiDg  the  hepatio  duot,  it  is  reabsorbed  in  great  excesB  into 
the  blood,  and,  circulating  with  it,  gives  rise  to  the  well-known  phenom- 
ena of  jaundice.    This  is  explained  by  the  fact  that  the  pressure  of 
secretion  in  the  ducts  although  normally  very  low,  not  exceeding  U 
mm.  in  the  dog,  is  still  higher  than  that  of  the  portal  veins,  and  if  it 
exceeds  16  mm.  the  secretion  although  formed  ceases  to  be  poured  out, 
and  if  the  opposing  force  be  increased,  the  bile  passes  into  the  blood- 
vessels through  the  lymphatics,  and  the  yellow  color  appears  in  the  skin 
and  in  the  secretions,  and  constitutes  the  oondition  of  jaundice.    In 
jaundice  the  faeces  are  light  colored  and  highly  offensive,  there  is  eon- 
stipation,  the  heart  beats  slowly,  and  from  the  presence  of  bile  salts  li 
well  as  bile  pigment  in  the  blood,  the  red  blood  corpuscles  may  be  in 
part  dissolved.    The  latter  action  results  in  the  presence  of  hsBmoglobin 
and  of  an  additional  amount  of  bile  pigment  in  the  urine. 

Disposal  of  the  Bile. — The  simple  excretion  of  the  foetal  bile  makes 
it  probable  that  the  bile  in  extra-uterine  life  is  also,  at  least  in  part,  des- 
tined to  be  discharged  as  excrementitious.  The  analysis  of  the  feoei 
shows,  however,  that  (except  when  rapidly  discharged  in  purgation)  they 
contain  very  little  of  the  bile  secreted,  probably  not  more  than  one-Bix- 
teenth  part  of  its  weight,  and  that  this  portion  includes  chiefly  its  col- 
oring matter  in  the  form  of  stercobilin,  and  some  of  its  fatty  matten 
and  mucin,  but  its  salts  to  only  a  very  slight  degree,  almost  all  of  whidi 
have  been  reabsorbed  from  the  intestines  into  the  blood.  The  bilirubin 
is  in  part  converted  into  urobilin  and  is  reabsorbed  and  excreted  by  the 
kidneys  in  the  urine. 

The  elementary  composition  of  bile-salts  shows  such  a  preponderance 
of  carbon  and  hydrogen  that  probably,  after  absorption,  they  combine 
with  oxygen,  and  are  excreted  in  the  form  of  carbonic  acid  and  water. 
The  change  after  birth,  from  the  direct  to  the  indirect  mode  of  excre- 
tion of  the  bile  may,  with  much  probability,  be  connected  with  a  purpose 
in  relation  to  the  development  of  heat.  The  temperature  of  the  foetni 
is  largely  maintained  by  that  of  the  parent,  but,  in  extra-uterine  life^ 
there  is  (as  one  may  say)  a  waste  of  material  for  heat  when  any  excre- 
tion is  discharged  unoxidized;  the  carbon  and  hydrogen  of  bilin,  there- 
fore, instead  of  being  ejected  in  the  faeces,  to  a  very  large  extent  (til, 
J),  are  reabsorbed,  in  order  that  they  may  be  combined  with  oxygen, and 
that  in  the  combination  heat  may  be  generated.  It  appears  that  tann^ 
cholic  acid  may  easily  be  split  up  in  the  intestine  into  taurin  and  chola- 
lic  acid,  and  the  same  is  probable  of  glycocholic  acid.  Taurin,  glycittp ; 
and  cholalic  acid  have  all  been  detected  in  small  amounts  in  the  fsBceL 
So  that  the  bile  is  in  part  excreted,  but  in  part  is  reabsorbed  from  the 
intestine  (chiefly  the  large),  and  returned  to  the  liver.  What  may  be 
the  ultimate  destination  of  these  altered  or  unaltered  constituents  is  un«  j 
known.     Glycin  is  supposed  to  go  partly  to  form  urea,  and  taurin  is  ex- 
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^  ereted   to  a  alight  extent  in  the  urine  as  taiiro-Giirbaniic  acid,  but  it  is 
^^probable  that  although  part  of  this  mny  unite  to  re-form  glycocholic  or 
taurocbolic  acid,  the  remainder  i»  united  with  oxygen,  and  ia  burnt  off 
in  the  form  of  carbonic  acid  and  water, 

A  substance,  contained  in  the  faBcefi,  and  named  stercorin^  ia  closely 
lied  to  cholesterin.    Ten  grains  and  a  half  of  etercorin  are  excreted 
ily  (A.  Flint). 
From  the  peculiar  manner  in  which  the  liver  is  supplied  with  much 
the  blood  that  flows  through  it,  it  is  probable  that  this  organ  is  ex- 
Dry,  not  only  for  such  hydro-carbonaceoua  matters  as  may  need  ex- 
cision from  the  blood,  but  that  it  serves  for  the  direct  purification  of 
the  stream  which,  arriving  by  the  portal  vein,  has  just  gathered  up  vari- 
oag  substances  in  its  course  through  the  digestive  organs — substances 
which  may  need  to  be  expelled  almost  immediately  after  their  absorp- 
tion.   For  it  is  easily  conceivable  that  many  things  may  be  taken  up 
during  digestion,  which  not  only  are  unfit  for  purposes  of  nutrition,  but 
tliich  would  be  positively  injurious  if  allowed  to  mingle  with  the  gen- 
I  mass  of  the  blood.     The  liver,  therefore,  may  be  supposed  placed  in 
s  only  road  by  which  such  matters  can  pass  unchanged  into  the  general 
ent,  jealously  to  guard  against  their  further  progress,  and  turn  them 
again  into  an  excretory  olmnnel.     The  frequency  with  which  me- 
Uic  poisons  are  either  excreted  by  the  liver,  or  intercepted  and  retained, 
en  for  a  considerable  time,  in  its  own  substance,  may  be  adduced  as 
ridence  for  the  probable  truth  of  this  supposition. 
The  secretion  of  the  hilc  by  the  hepatic  cells  is  undoubtedly  influenced 
It  the  amount  of  blood  supplied  to  them.     This  is  well  seen  after  a  meal, 
irhenthe  amount  of  blood  passing  through  the  portal  circulation  in  con- 
tequence  of  the  congestion  of  the  secreting  organs  of  the  abdomen  is 
gently  increased,  and  with  it  the  bile  secretion.     It  is,  however,  probable 
that  the  secretion  of  the  cells  is  in  some  more  direct  way  under  the  con- 
trol of  the  nervous  system,  but  bow  this  influence  is  exercised  is  un- 
known.    The  antecedents  of  the  various  substances  of  the   bile  from 
Irhich  the  cells  manufacture  its  chief  constituents  are  not  exactly  known. 
\lkiA  surmised  that  the  bilirubin  is  formed  from  haemoglobin  brought 
*om  the  spleen  either  actually  dissolved  in  the  plasma  of  the  blood  or 
I  foch  a  condition  in  the  corpuacles  as  to  be  easily  acted  upon  by  the 
?er  cells,  by  which  the  iron  is  separated.     The  bile  salts  are,  at  any 
I  in  part,  formed  simply  by  the  conjunction  of  glycinand  taurin  with 
rfalic  acid,  ^\\  of  which  may  be  brought  to  the  liver  in  the  portal 
1,  but  failing  this  it  is  probable  that  the  hepatic  cells  can  produce 
\  gabstances  anew. 
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The  Intestinal  Secretion,  or  Succus  Entericus. 

On  account  of  the  difficulty  in  isolating  the  secretion  of  the  glands 
in  the  wall  of  the  intestine  (Brunner's  and  Lieberkuhn's)  from  other 
secretions  poured  into  the  canal  (gastric  juice,  bile,  and  pancreatic  8e> 
cretion),  but  little  is  known  regarding  the  composition  of  the  intestinal 
juice,  or  succus  entericus. 

It  is  said  to  be  a  yellowish  alkaline  fluid  with  a  specific  grayity  <tf 
1011,  and  to  contain  about  2.5  per  cent  of  solid  matters  (Thiry). 

Functions. — The  secretion  is  said  to  be  able  to  conyert  proteids  into 
peptones,  and  to  convert  starch  into  sugar,  but  the  evidence  in  &Yor  of 
these  actions  is  insufficient.  The  chief  function  of  the  juice  is  to  aot 
upon  sugars.  It  possesses  the  power  of  converting  cane  into  grqie 
sugar,  and  maltose  into  glucose.  It  also  contains  a  milk-curdling  fo^ 
ment. 

The  reaction  which  represents  the  conversion  of  cane  sagarintogrqie 
sugar  may  be  represented  thus : 

2Ci«H„0ii    +    2H,0    =    C„H,40„    +    Ci,H,«0|, 
Saccharose.  Water.  Deztroae.  LbtuIow. 

The  conversion  is  probably  effected  by  means  of  a  hydrolytic  ferment 
invertin  (Bernard). 

Summary  of  the  Digestive  Changes  in  the  Small 
Intestine. 

In  order  to  understand  the  changes  in  the  food  which  occur  during 
its  passage  through  the  small  intestine,  it  will  be  well  to  refer  briefly  to  I 
the  state  in  whicli  it  leaves  the  stomach  through  the  pylorus.    It  Ym  J 
been  said  before,  that  the  chief  office  of  the  stomach  is  not  only  to  mil  1 
into  an  uniform  mass  all  the  varieties  of  food  that  reach  it  through  tin  fl 
oesophagus,  but  especially  xo  dissolve  the  nitrogenous  portion  by  meani. 
of  its  secretion.     The  fatty  matters,  during  their  sojourn  in  the  stomad^ 
become  more  thoroughly  mingled  with  the  other  constituents  of  tin 
food  taken,  but  are  not  yoi  in  a  state  fit  for  absorption.     The  converdoft.: 
of  starch  into  sugar,  which  began  in  the  mouth,  has  been  interfered 
with,  if  not  altogether  stopped.     The  soluble  matters — both  those  whidl< 
were  so  from  the  first,  as  sugar  and  saline  matter,  and  the  gastric  pop-i 
tones — have  begun  to  disappear  by  absorption  into  the  blood-ve88elB,aiA 
the  same  thing  has  befallen  such  fluids  as  may  have  been  swallowed. 

The  thin  pultacoous  chyme,  therefore,  which,  during  the  whole 
of  gastric  digestion,  is  being  constantly  squeezed  or  strained  through  tho 
pyloric  orifice  into  the  duodenum,  consists  of  albuminous  matter,  brokA 
down,  dissolving  and  half  dissolved;    fatty  matter  broken  down 
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^ted,  but  not  diaaolved  at  all;  starch  very  alowly  in  process  of  con- 
rersion  into  siigiir,  und  as  it  becomes  sugar,  also  dissolving  in  the  fluids 
riih  which  it  is  mixed;  while  with  these  are  mingled  gastric  fluid,  and 
uid  that  has  been  swallowed,  together  with  such  portions  of  the  food 
are  not  digestible,  and  will  be  Anally  expe^lled  as  part  of  the  faeces. 
On  the  entrance  of  the  chyme  into  the  duodenum,  it  is  subjected  to 
the  infinenceof  the  bile  and  pancreatic  juice,  which  are  then  poured  out, 
ind  also  to  that  of  the  succns  entericus.  All  these  secretions  have  a 
lore  or  less  alkaline  reaction,  and  by  their  admixture  with  the  gastric 
ebjme,  its  acidity  becomes  less  and  lees  until  at  length,  at  about  the 

Kdle  of  the  smjill  intestine,  the  reaction  becomes  alkaline  and  contin- 
BO  as  far  as  the  ileo-csecal  valve. 

The  special  digestive  functions  of  the  small  intestine  may  be  taken 
the  following  order: — 

(1.)  One  im]jortaut  duty  of  the  small  intestine  is  the  altenition  of 
\  jat  m  such  a  manner  as  to  make  it  fit  for  absorption;  and  there  is 
10  doubt  that  this  change  is  chiefly  effected  in  the  upper  part  of  the 
mall  intestine.  What  is  the  exact  share  of  the  process^  however,  al* 
rtted  respectively  to  the  bile  and  to  the  pancreatic  secretion,  is  still  un- 
in.  The  fat  is  changed  in  two  ways.  («.)  To  a  slight  extent  it 
mically  decomposed  by  the  alkaline  secretions  with  which  it  is 
igled,  and  a  soap  is  the  result,  (i.)  It  is  emulsionized,  i.e.,  its  par- 
are  minutely  subdivided  and  diffused,  so  that  the  mixture  assumes 
condition  of  a  milky  fluid,  or  emulsion.  As  will  be  seen  in  the  next 
iter,  most  of  the  fat  is  absorbed  by  the  lactoals  of  the  intestine,  but 
11  part,  which  is  saponified,  is  also  absorbed  by  the  blood-vessels. 
)  The  albuminous  substanceB  which  have  been  partly  dissolved  in 
mach,  and  have  not  been  absorbed,  are  subjected  chiefly  to  the 
of  the  pancreatic  jnice.  The  pepsin  is  rendered  inert  by  being 
pita  ted  together  with  the  f,^astric  peptones  and  proteoses,  as  soon  as 
ehyme  meets  with  bile.  By  these  means  the  pancreatic  ferment 
is  emibled  to  proceed  with  the  further  conversion  of  the  proteo- 
into  peptones,  and  part  of  the  peptones  (hemipeptone)  into  ieucin 
tyTX)8iu.  Albuminous  substances,  which  are  chemically  altered  in 
irocess  of  digestion  (peptones)  and  gelatinous  matters  similarly 
,  are  absorbed  by  the  blood-vessels  and  lymphatics  of  the  intes- 
mucous  membrane.  Albuminous  matters,  in  state  of  solution, 
have  not  undergone  the  peptonic  change,  are  probably,  from  the 
ieully  with  which  they  diffuse,  absorbed^  if  at  all,  almost  solely  by 
lymphatics. 

(3,)  The  starchy^  or  amyloid  portions  of  the  food,  the  conversion  of 
into  maltoso  was  more  or  less  interrupted  during  tlieir  stay  in  the 
li,  are  now  acted  on  briskly  by  the  pancreatic  juice  and  the  succus 
!U»;  and  the  sugar  in  the  form  of  maltoso  ia  dissolved  in  the  intea- 
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tinal  fluids,  and  is  absorbed  chiefly  by  the  blood-vessels.     During  or  jast 
prior  to  its  absorptioD,  maltose  is  converted  into  dextrose. 

(4.)  Saliihe  and  saccharine  matters,  such  as  common  salt,  and  cans 
sugar,  if  not  in  a  state  of  solution  beforehand  in  the  saliva  or  other  fluidi 
Wmch  may  have  been  swiUlowed  with  them,  are  at  once  dissolved  in  the 
stomach,  and  if  not  here  absorbed,  are  soon  taken  op  in  the  small  intes- 
tine; the  blood-vessels,  as  in  the  last  case,  being  chiefly  concerned  in  the 
absorption.  Cane  sugar  is  in  part  or  wholly  converted  into  grape  snpr 
before  its  absorption.  This  is  accomplished  partially  in  the  stomach,  baft 
also  by  a  ferment  in  the  succus  entericus. 

(5.)  The  liquids,  including  in  this  term  the  ordinary  drinks,  as  watsi^  .^ 
wine,  ale,  tea,  etc.,  which  may  have  escaped  absorption  in  the  fltomach^ ; 
are  absorbed  probably  very  soon  after  their  entrance  into  the  intestine;  ] 
the  fluidity  of  the  contents  ot  the  latter  being  preserved  more  by  thsi: 
constant  secretion  of  fluid  by  the  intestinal  glands,  pancreas,  and  liver, , 
than  by  any  given  portion  of  fluid  whether  swallowed  or  secreted,  re- . 
maining  long  unabsorbed.  From  this  fact,  therefore,  it  may  be  gathered 
that  there  is  a  kind  of  circulation  constantly  proceeding  from  the  intes- 
tines into  the  blood,  and  from  the  blood  into  the  intestines  again;  for 
as  all  the  fluid — a  very  large  amount— secreted  by  the  intestinal  glandl^ 
must  come  from  the  blood,  the  latter  would  be  too  much  drained,  were 
it  not  that  the  same  fluid  after  secretion  is  again  reabsorbed  into  the 
current  of  blood — going  into  the  blood  charged  with  nutrient  produeti 
of  digestion — coming  out  again  by  secretion  through  the  glands  in  a 
comparatively  unchanged  condition. 

At  the  lower  end  of  the  small  intestine,  the  chyme,  still  thin  and ; 
pultaccous,  is  of  a  light  yellow  color,  and  has  a  distinctly  faecal  odor. 
This  odor  depends  upon  the  formation  of  indol  and  other  substances  to 
be  again  alluded  to.     In  this  state  it  piisscs  through  the  ileo-csdcal  open- 
ing into  the  large  intestine. 

Summary  of  the  Digestive  Changes  in  the  Large  \ 

Intestine.  j 

i 
The  changes  which  take  place  in  the  chyme  in  the  large  intestine 
are  probably  only  the  continuation  of  the  same  changes  that  occur  in 
the  course  of  the  food's  passage  through  the  upper  part  of  the  intesti 
canal.     From  tlie  absence  of  villi,  however,  we  may  conclude  that  i 
sorption,  especially  of  fatty  matter,  is  in  great  part  completed  in  thll 
small  intestine;  while,  from  the  still  half-liquid,  pultaceous  oonsisteao 
of  the  chyme  when  it  first  enters  the  caecum,  there  can  be  no  doubt  I 
the  absorption  of  liquid  is  not  by  any  means  concluded.     The 
odor,  moreover,  which  is  acquired  after  a  short  time  by  the  contents  < 
the  large  bowel,  would  seem  to  indicate  a  further  chemical  change  ; 


iliiDentarj  matters  or  ia  the  digestiye  fluidB,  or  botb.  The  acid 
don,  which  had  disappeared  in  th©  small  bowel,  again  becomes  very 
ifest  in  the  csecum—probablj  from  acid  ferineBtation  processes  in 
^  of  the  materiala  of  the  food. 
rhere  seems  oo  reason  to  conclude  that  any  special  secondary  diges- 
process  occurs  in  the  csecum  or  in  any  other  part  of  the  large  in- 
ne.  Probably  any  constitnent  of  the  food  which  has  eecaped 
Btion  and  absorption  in  the  email  bowel  may  be  digested  in  the  large 
sttne;  and  the  power  of  this  part  of  the  intestinal  canal  to  absorb 
f,  albuminous,  or  other  matters,  may  be  gathered  from  the  good 
st0  of  nutrient  enemata,  so  frequently  given  when  from  any  cause 
e  ii  difficulty  in  introducing  food  into  the  stomach.  In  ordinary 
thy  digestion,  however,  the  changes  which  ensue  in  the  chyme  after 
ttseage  into  the  large  intestine  are  mainly  the  absorption  of  the 
B  liquid  parts;  the  chief  function  of  the  large  intestine  being  to  act 
reiervoir  for  the  residues  of  digestion  before  their  expulsion  from 
body. 


Action  of  Micro-organisms  in  the  Intestines, 


L 

^lain  changes  take  place  in  the  intestinal  contents  independent  of» 
t  any  rate  supplemental  to,  the  action  of  the  digestive  ferments, 
le  changes  are  brought  about  by  the  action  of  micro-organisms  or 
iriA.  We  have  indicated  elsewhere  that  the  digestive  ferments  are 
tples  of  unorganized  ferments,  so  bacteria  are  eicamples  of  organized 
Organized    ferments,    of    which    the    yeast    plant,    toruia 
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^  ITC^ — Tyi»«  ^^  micro-oiifftiiimoi.    a,  microoocd  WTftOgcd  ftli)f?lj;  in  twoi«  dlploccxM^i-'lf  all 
~~0OOOd  «t  a  wer«  grouped  together,  they  would  tMj  called  staphyUtocteci— aitc!  lu  fgurs,  ear- 
nlcitKoccl,  in  chalna  KtreptcK^oocJ ;  c  and  tj,  bacilli  of  various  klnrlfi^  one  In  rppreeenied 
r»  varioiii  forms  of  BpiiiUa;  /,  sporea,  either  fnee  or  iu  bacilli. 


HTOttkOCd  • 


^yces)  cerevisicB,  may  be  taken  as  a  typical  example,  consist  of 
sUoIar  vegetable  organisms^  which  when  introduced  into  a  suitable 
ire  medium  grow  with  remarkable  rupidity,  and  by  their  growth 
ii€€  new  substances  from  those  eupplied  to  them  as  food.  Thus  for 
ijje,  when  the  yeast  cell  is  introduced  into  a  solution  of  grape  sugar, 
z6 
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it  grows,  and  on  the  one  hand  alcohol,  and  on  the  other  hand  carbc 
dioxide  are  produced.  These  substances  are  not  the  direct  reanlt  of  tl 
life  of  the  cell^  but  probably  arise  from  the  formation  of  some  chemiQ 
substances  allied  to  the  unorganized  ferments  which  greatly  increase  i 
amount  with  the  multiplication  of  the  original  cell.  In  all  sach  fia 
mentative  processes,  organisms  analogous  to  the  yeast  cell  are  preseoi 
and  it  is  not  strange  that  if  the  ferment  cell  is  introduced  into  a  nu) 
able  medium,  it  may  by  its  rapid  reproduction  have  power  to  con?« 
an  unlimited  amount  of  one  substance  into  another.  Speaking  geneial^ 
a  8])ecial  variety  of  cell  is  concerned  with  each  ferment  action,  thus  OS 
variety  has  to  do  with  alcoholic,  another  with  lactic  and  another  will 
acetous  fermentation.  A  considerable  number  of  apeciea  of  bacteni 
exist  in  the  body  during  life,  chiefly  in  connection  with  the  maoiM| 
membranes,  particularly  of  the  digestive  tract  These  bacteria  ai 
unicellular  organisms,  devoid  of  chlorophyll,  sometimes  called  JM^ 
fungi  or  schizomycetes.  They  multiply  chiefly  by  division,  but  manyi| 
them  also  form  spores — whereas  the  yeast  cell  multiplies  by  gei 
The  bacteria  are  very  much  smaller  than  the  yeast  cells,  being 
from  1  to  2ai  in  width.  Morphologically  they  are  classified  into  L 
cocci  or  globular  bacteria,  ii.  bacilli  or  rod-shaped  bacteria,  and  in 
spirilla  or  sinuous  bacteria. 

Many  forms  of  bacteria  have  been  isolated  from  the  mouth,  a  fei 
varieties  from  the  stomach,  and  a  very  large  number  from  the  intestines 
It  is  only  in  the  last  named  locality  that  their  multiplication  has  miM 
elTect  from  a  physiological  point  of  view.     The  normal  (hydrochloi 
acid)  acidity  uf  the  stomach  usually  destroys  all  the  micro-organii 
taken  in  with  the  food,  but  when  the  amount  of  this  acid  is  deficient  (ai 
sometimes  even  when  it  is  normal)  some  of  the  spores  may  escape.    ( 
reaching  the  small  intestine  these  spores  begin  to  develop  in  its  alkali 
medium,  and  may  increase  to  such  an  extent  as  to  stop  all  pancreit 
and  intestinal  digestion;  the  point  where  this  occurs  varies  from  day 
day.     The  largo  intestine  always  swarms  with  micro-organisms,  thou 
the  ileo-ciecal  valve,  in  some  unknown  way,  prevents  their  passage  ii 
the  small  intestine;  as  a  consequence,  both  intestinal  and  pancreatic  < 
gestion  normally  cease  at  this  valve.     The  bacteria  found  in  the  ini 
tine  are  anaerobic,  t.^.,  they  do  not  exist  in  the  presence  of  free  oxygfl 

The  changes  induced  in  the  intestine  by  the  activity  of  mioB 
organisms  are  of  two  kinds,  fermentation  and  putrefaction;  the  fori 
of  these  results  in  the  breaking  down  of  carbohydrate  matter  and 
latter  in  that  of  proteid  matter.  The  process  of  fermentation  is 
leiLst  complex  and  probably  occurs  normally  in  the  small  intestine,  to 
certain  extent.  The  lactic-acid  fermentation  is  the  most  imperial 
though  the  butyric-acid  fermentation  is  next;  under  their  influence 
carbohydrates  are  b>*okeu  down  into  lactic  and  butyric  acids,  andperhl 
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acid  also,     CarboDic  acid  gas  may  be  formed  at  the  same  time 
flatulence.     Cellulose  ant]   other  insoluble  carbohydrates  are 
iposed    with   the   formation   of  marsh   gas  and  hydrogen,  which 
^pe  by  the  rectum. 

In  pntrefaction  the  process  is  nearly  the  same  aa  in  tryptic  digestion, 

proteids  being  broken  down  into  pepUnies,  leucin,  tyrosin,  and  a 

TOW  of  i»ther  substances  which  have  strong  odors  and  belong  to  the 

(fiaihtie  group*     It  iilso  results  in  the  production  of  vnriouH  gases,  such 

carbon    dioxide,    sulphuretted  hydrogen,  ammonia,    hydrogen   and 

( niursh  gas),  and  of  a  high  percentage  of  the  volatile  fatty  acids, 

i'  and  butyric.     Of  the  aromatic  substances  the  most  important 

iodol   and   akatol,    though   their   toxicity   has   been   greatly   over* 

Dated.     8ome  undergo  oxidation,  in  del  and  skatol  forming  indoxyl 

skatoxyl;  they  are  usually  carried  ofT  iii  the  faeces,  but  when  the 

el  is  obstructed  tbey  are  absorbed  and  oventually  appear  in  the  urine, 

ijl  and  skatoxyl  forming  respectively  indoxyl-  and  Bkatoxyl-sulphuric 

and  their  salts.     Tyrosin   is  further  broken  down  into  para-oxy- 

nel-propr ionic  acid,  paracresol  and   phenol ;  para-oxy -phenol-acetic 

I  is  also  formed. 


Movements  of  the  Intestines. 


^  V 


^It  remains  only  to  consider  the  inanDer  in  which  the  food  and  the 

secretions  mingled   with  it  are  moved   through  the   intestinal 

I,  8o  as  to  be  slowly  subjected  to  the  influence  of  fresh  portions  of 

tinal  secretion,  and  as  slowly  exposed  to  the  absorbent  power  of  all 

I  tilli  and  blood-vessels  of  the  mucous  membnine.     The  movement  of 

\\Titestine&  i&  jitrL^iiaUic  OT  vermicular,  &nd  is  effected  by  the  alternate 

Btactions  and  dilatations  of  successive  portions  of  the  muscular  coats. 

I  contractions,  which  may  commence  at  any  point  of  the  intestine, 

end  in  a  wave-like  manner  along  the  tube.     In  any  given  portion, 

^loDgitndina]  muscular  fibres  contract  first,  or  more  than  the  circular; 

[draw  a  portion  of  the  intestine  upward,  or,  as  it  were,  backward, 

«ihe  substance  to  be  propelled,  and  then  the  circular  fibres  of  the 

ke  portion  contracting  in  succession  from  above  downward,  or,  aa  it 

from  behind   forward,  press  on  the  substance  into  the  portion 

below,  in  which  at  once  the  same  succession  of  action  next  ensues, 

t  movements  take  place  slowly,  and,  in  health,  commonly  give  rise 

fiensation;   but  they  are  perceptible  when  they  are  accelerated 

the  influence  of  any  irritant.     The  movements  of  the  intestines 

letimes  retrograde;  and  there  is  no  hindrance  to  the  backward 

aent  of  the  contents  of  the  small  intestine.     But  almost  complete 

IB  afforded  against  the  passage  of  the  contents  of  the  large  into 

11  intestine  by  the  ileo-caecal  valve.     Besides, — the  orifice  of 
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communicution  between  the  ileum  aud  caecum  (at  the  borders  of  wind 
orifice  are  the  folds  of  mucoue  membraDe  which  form  the  valTo)  is  ei 
circled  with  muscular  fibres^  the  contraction  of  which  prevents  tk 
undue  dilatation  of  the  orifice. 

Proceeding  from  above  downward,  the  muscular  fibres  of  the  Isig 
intestine  become,  on  the  whole,  stronger  in  direct  proportion  to  th 
greater  strength  required  for  the  onward  moving  of  the  fsBCCs,  which  an 
gradually  becoming  firmer.  The  greatest  strength  is  in  the  rectoniy  a 
the  termination  of  which  the  circular  unstriped  muscular  fibres  form  i 
strong  band  called  the  internal  sphincter;  while  an  external  sphinoti 
muscle  with  striped  fibres  is  placed  rather  lower  down,  and  more  ei 
temally,  and  as  we  have  seen  above,  holds  the  orifice  close  by  a  oon 
stant  slight  tonic  contraction. 

Experimental  irritation  of  the  brain  or  cord  produces  no  evident  oi 
constant  efi!ect  on  the  movements  of  the  intestines  during  life;  yetaj 
consequence  of  certain  mental  conditions  the  movements  are  accelerated 
or  retarded;  and  in  paraplegia  the  intestines  appear  after  a  time  mndj 
weakened  in  their  power,  and  costiveness,  with  a  tympanitic  conditio^ 
ensues.  Stimulation  of  pncumo-gastric  nerves,  if  not  too  strong,  indues 
genuine  peristaltic  movements  of  the  intestines.  Violent  irritatiai 
stops  the  movements. 

Influence  of  the  Nervous  System  on  Intestinal  Digestion.  ] 

As  in  the  case  of  the  oesophagus  and  stomach,  the  peristaltic  mof 
ments  of  the  intestines  may  be  directly  set  up  in  the  muscular  fibres  1 
the  presence  of  chyme  acting  as  the  stimulus.     Few  or  no  moveme 
occur  when  the  intestines  are  empty.     The  intestines  are  conne 
with  the  central  nervous  system  both  by  the  vagi  and  by  the  splanc 
nerves,  as  well  as  by  other  branches  of  the  sympathetic  which  conui^ 
them  from  the  cceliac  and  other  abdominal  plexuses. 

The  relations  of  these  nerves  respectively  to  the  movements  of  \ 
intestine  and  the  secretions  are  probably  the  same  as  in  the  case  of  ^ 
stomach  already  treated  of. 

Duration  of  Intestinal  Digestion. — The  time  occupied  by  the  jos 
of  a  given  portion  of  food  from  the  stomach  to  the  anus  varies  ( 
erably  even  in  health,  and  on  this  account  probably  it  is  that  such  \ 
ferent  opinions  have  been  expressed  in  regard  to  the  subject 
twelve  hours  are  occupied  by  the  journey  of  an  ordinary  meal  tfa 
the  small  intestine,  and  twenty-four  to  thirty-six  hours  by  the  ] 
through  the  large  bowel. 

The  contents  of  the  large  intestine,  as  they  proceed  toward  thai 
tum,  become  more  and  more  solid,  and  losing  their  more  liquid  \ 
nutrient  parts,  gradually  acquire  the  odor  and  consistence  cbaracti 
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i/€f€^s.     After  a  sojourn  of  uncertain  duration  in  the  sigmoid  flexure 
coloo^  or  in  the  rectum,  they  are  finally  expelled  by  the  act  of 
tion. 
aTerage  quantity  of  solid  faecal  m utter  evacuated  by  the  human 
>  in  twenty-four  hours  is  about  si^  or  eight  ounces. 


the 


The 


Composition  of  r.«CES* 

The  amount  of  water  varies  considerably,  from  '^S  to  82  per  cent  and 
The  following  table  is  about  an  average  composition: — 


Water 
Solids. 


733.00 


compnamg : 

Insoluble  residues  of  tlie  food,  uncooked  etareh, 
cellulose,  wot>dy  fibres,  cartilage,  seldom  mua- 
cular  fibres  aud  otlitr  proteids,  fat»  cholesterin. 
homy  matter,  and  mucin      ..... 

b.  Certain  substances  rt'sultiug  from   deeomt>osition 

of    ffXKls.    iudol.    skatid,    fatty  and  other  acids, 
calcium  and  magnesinm  Boapti 

c.  Special    excrement Itkms    const ituenta: — Excretiu, 

excretoleic  acid  (aiarcet) ,  and  etercorin  (Austin 
Flint)      ......... 

d.  Salts ; — Cliiefly  phosphate  of  magnesium  and  phos- 

phate of  calcium,  with  email  quantities  of  iron, 
soda,  lime,  and  silica 

e.  Insoluble  Bubstancee  accidentally  introduced  witli 

the  food .        , 

f.  Hucus,  epithelium,  altered  coloring  matter  of  bile, 

fatty  acids,  etc.  .  '     i  •         ' 

g.  Varying  quantities  of  other  constituents  of  bile,  and 

derivatives  from  them  ,,.,.. 


267.00 


1000.00 


The  Gojies  contained  in  the  Stomach  and  Iniestines.-^JJnder  ordi- 
'  circumstanceB,  the  alimentary  canal  contains  a  considerable  quan- 
r of  gaseous  matter.     Any  one  who  has  had  oecasioUj  in  a  post-mortem 
dsation,  either  to  lay  open  the  intestines,  or  to  let  out  the  gas 
they  contain,  must  have  been  struck  by  the  small  space  afterward 
Ipied  by  the  bowels,  and  by  the  large  degree,  therefore,  in  which  the 
,  which  naturally  distends  them,  contributes  to  fill  the  cavity  of  the 
Somen.     Indeed,  the  presence  of  air  in  the  intestines  is  bo  constant, 
within  certain  limits,  the  amount  in  health  so  uniform,  that  there 
^be  no  doubt  that  its  existence  here  is  not  a  mere  accident,  but  in- 
to serve  a  definite  and  important  purpose,  although,  probably,  a 
ileal  one. 
urces* — The  sources  of  the  gas  contained  in  the  stomach  and  bowels 

thus  enumerated : — 

Air  introduced  in  the  act  of  swallowing  either  food  or  saliva;  2. 

I  developed  by  the  decomposition  of  alimentary  matter,  or  of  the 

tioB0  and  excretions  mingled  with  it  in  the  stomach  and  intestines; 

is  probable  that  a  certain  mutual  interchange  occurs  between  the 
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gases  contained  in  the  alimentary  canal,  and  thoae  present  in  the  hlooi 
of  these  gastric  and  intestinal  blood-yessels;  bnt  the  conditions  of  tk 
exchange  are  not  known,  and  it  is  very  doubtful  whether  anything  lik 
a  true  and  definite  secretion  of  gas  from  the  blood  into  the  intestinfli  • 
stomach  over  takes  place.  There  can  be  no  doubt,  howeTer,  that  ttl 
intestines  may  be  the  proper  excretory  organs  for  many  odorous  am 
other  substances,  either  absorbed  from  the  air  taken  into  the  lungs  i| 
inspiration,  or  absorbed  in  the  upper  part  of  the  alimentary  canal,  agaii 
to  be  excreted  at  a  portion  of  the  same  tract  lower  down — in  either  cm 
assuming  rapidly  a  gaseous  form  after  their  excretion,  and  in  this  wq 
perhaps,  obtaining  a  more  ready  egress  from  the  body.  It  is  probill 
that,  under  ordinary  circumstances,  the  gases  of  the  stomach  and 
tines  are  derived  chiefly  from  the  second  of  the  sonroea  which  have 
enumerated. 


Composition  of  Gases  of  the  Alimentary  CanaL 

{Tabulated  from  various  authorities  by  Brinion.) 


Composition  hj  Volume, 

] 

Whence  obtainea. 

.    W 

Oxygen. 

Nltroif. 

Carbon. 
Acid. 

Hydrog. 

OuimreL 

HjRS 

Stomach    . 

11 

71 

14 

4 

__ 

— . 

Small  Intestines    . 

— 

82 

80 

88 

— 

CflDCum 

— 

67 

12 

8 

18 

tiaoa 

Colon     . 

— 

35 

51 

6 

8 

Rectum 



46 

48 

— 

11 

Exi)elled  per  anum 

— 

22 

40 

19 

10 

i 

The  above  table  differs  little  from  the  average  obtained  by  ml 
modem  observers,  but  it  emits  an  important  point  to  which  attenti 
should  bo  drawn,  viz.,  that  the  amounts  of  the  gases  vary  with  thedi 
For  all  practical  purposes  oxygen  and  sulphuretted  hydrogen  may 
omitted.  An  analysis  of  the  intestinal  gases  (Ruge,  copied  by  Hallf 
ton)  in  man  is  as  follows: — 


Oases. 

Milk   Diet. 

M«at  Diet 

Vegetable  Olf 

Carbon  dioxide  .... 
Hydrogen         .... 
Carburetted  hydrogen 
Nitrogen 

9  to  16 
48  to  54 

0.9 
86  to  88 

8  to  18 

0.7  to 8 

26  to  87 

45  to  64 

21  toil  1 
1.5  to  4  > 

44  to  am 

10  to  11 1^ 

Sources  of  the  Carbon  Dioxide. — From  the  carbonates  and  lactate! 
food;  from  alcoholic  fermentation  of  sugar;  from  putrefaction  of  oi 
bohydrates  and  proteids;  and  from  butyric  acid  fermentation. 

Sources  of  the  Hydrogen. — From  butyric  acid  fermentations  of 
acid— 
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3C,H.O,     ^    CiiH.O,    +    2  00,    +    2H, 
LMtlc  Acid.         Butjrric  Acid. 

§rce  of  the  CarhureUed  Hydrogen. — From  the  decomposition  of 
!  and  lactates  and  from  cellulose  (0(  Hio  Oa  +  Ha  0  :=  3  GOa  + 

of  the  parogen, — The  nitrogen  ia  derived  from  the  ewallowed 


Defecation. 

I  act  of  the  espulaion  of  fmces  is  in  part  due  to  an  increased  reflex 
dtic  action  of  the  lower  part  of  the  krge  inteBtine,  nanicdy  of 
^oid  flexure  and  rectum,  and  in  part  to  the  more  or  less  volun- 
;tion  of  the  ahdominal  muscles.  In  the  case  of  active  voluntary 
f  there  ia  usually,  first  an  inspiration,  as  in  the  case  of  coughing, 
Qg',  and  vomiting;  the  glottis  is  then  closed,  and  the  diaphmgm 

The  abdominal  mnacles  are  contracted  as  in  expiration;  but  as 
)tti8  is  closed,  the  whole  of  their  pressure  is  exercised  on  the  ab- 
al  contents.     The  sphincter  of  the  rectum  being  relaxed,  the  evac- 

of  its  contents  takes  place  accordingly ;  the  effect  being,  of  course, 
sed  by  the  peristaltic  action  of  the  intestine.  As  in  the  other 
9  just  referred  to,  there  is  as  much  tendency  to  the  escape  of  the 
ita  of  the  lungs  or  stomach  as  of  the  rectum;  hut  the  pressure  is 
d  only  at  the  orifice,  the  sphincter  of  which  instinctively  or  in- 
arily  yields. 

rvoiis  Mechanism. — ^The  anal  sphincter  muscle  is  normally  in  a 
if  tonic  contraction.  The  nervous  centre  which  governs  this  con- 
m  is  probably  situated  in  the  lumbar  region  of  the  spinal  cord,  in- 
b  as  in  cases  of  division  of  the  cord  above  this  region  the  sphincter 
8,  after  a  time,  to  some  extent  the  tonicity  which  is  lost  imraedi- 
kfter  the  operation.  By  an  effort  of  the  will,  acting  through  the 
,  the  contraction  may  he  relaxed  or  increased.  In  ordinary  cases 
paratus  is  set  in  action  by  the  gnidual  accumulation  of  fsBces  in 
fmoid  flexure  and  rectum,  pressing  by  the  peristaltic  action  of 
parts  of  the  large  intestine  against  the  sphincter,  and  causing  by 
action  its  relaxation;  this  sensory  impulse  acting  through  the 
ind  reOexly  through  the  spinal  centre.  At  the  same  time  that 
lincter  is  inhibited  or  relaxed,  impulses  pass  to  the  muscles  of  the 
intestine  increasing  their  peristalsis,  and,  if  necessary,  to  the  ab- 
mnacles  m  welL     The  action  of  the  centre  is  therefore  doul>l& 


OHAPTEB  X. 

ABSORPTION. 

Absobption  is  generally  considered  to  consist  of  two  processes; 
first,  having  for  its  object  the  introduction  into  the  blood  of  fresh  mi 
rial,  and  which  is  called  absorption  from  without,  takes  place  chii 
from  the  alimentary  canal,  and  to  a  less  extent  from  the  skin  and  lun 
the  second,  haying  for  its  object  the  gradual  remoTal  of  parts  of 
body  itself  when  they  need  remoyal,  is  called  absorption  from  witk 
and  takes  place  every  where  within  the  tissues  of  the  body. 

The  conditions  of  absorption  from  the  alimentary  oanal  which  n 
be  taken  as  an  example  of  the  first  of  these  processes  are  the  followii 
on  one  side  is  a  fluid  containing  matters  which  have  been  so  acted  u; 
by  the  digcstiye  juices  as  to  be  in  a  fit  condition  to  be  absorbed.  < 
the  other  side  are  blood-capillaries  and  capillaries  of  the  lymphatic  s; 
tern,  and  separating  the  two  are  epithelium  and  conuectiye  tissue, 
well  as  the  endothelium  of  the  vessels  themselves.  The  problem  whi 
has  to  be  considered  is,  how  does  the  fluid  on  the  one  side  of  t 
organic  membrane  reach  the  blood  or  lymphatic  vessel  ?  Until  witk 
recent  date  it  was  assumed  that  the  passage  of  the  fluid  from  one  d 
of  this  membrane  to  the  other  came  about  solely  by  definite  phyik 
laws,  and  these  were  practically  independent  of  the  vital  condition 
the  tissues.  In  the  first  place,  it  was  taught,  came  in  osmosis,  the  pi 
sage  of  fluids  through  an  animal  membrane,  which  occurs  independe 
of  vital  conditions,  and  in  the  next  place  came  in  filtrcUion,  the  passij 
of  fluids  through  the  pores  of  a  membrane  under  pressure.  It  isiu 
believed,  however,  that  there  is  another  factor  concerned  in  absorptio 
viz.,  the  vital  and  selective  action  of  the  epithelium,  and  possibly  of  tl 
tissue  which  separates  the  fluid  to  be  absorbed,  from  the  blood  al 
lymph  stream.  About  this  vital  action  of  the  epithelium  very  litl 
definite  is  known,  but  the  mere  fact  that  fats  are  principally  absoih 
in  one  part  of  the  intestine,  and  as  we  shall  see  pass  through  the  cd 
of  the  intestinal  villi,  is  some  evidence  in  its  favor.  It  will  be  as  vi 
to  consider  briefiy  the  two  physical  processes  of  osmosis  and  filtiatioa 

Methods  of  Absorption. 

Osmosis. — The  phenomenon  of  the  passage  of  fluids  through  anifl 
membrane,  which  occurs  quite  independently  of  vital  conditions,  t 
first  demonstrated  by  Dutrochet.    The  instrument  which  he  emplof 

«0» 
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Ws  experiments  was  named  an  endosmotmier.     One  form  of  this, 
Kresented  in  the  figure,  consiats  of  a  gmdnated  tube  expanded  into  an 
-mouthed  bell  at  one  end,  over  which  a  portion  of  membrane  is 
A.     If  the  bell  be  filled  with  a  solution  of  a  salt — Bay  sodium  chloride, 
3  be  immersed  in  water,  the  water  will  pasa  into  the  solution,  and 
rt  of  the  salt  will  pass  out  into  the  water;  tJie  water,  however,  will 
B  into  the  solution  much  more  rapidly  than  the  stdt  will  pass  out  into 
water,  and  the  diluted  solution  will  rise  in  the  tube.     It  is  to  this 
Bage  of  fluids  through  membrane  that  the  term  osmosis  is  applied. 
The  nature  of  the  membrane  used  as  a  septum,  and  its  affinity  for 
the  fluids  subjected  to  eiperiment  have  an  important  influ- 
ence, as  might  be  anticipated,  on  the  rapidity  and  dura- 
tion of  the  osmotic  current.     Thus,  if  a  piece  of  ordinary 
bladder  he  used  as  the  septum  between  water  and  alcohol, 
the  current  is  almost  solely  from  the  water  to  the  alcoliol, 
on  account  of  the  much  greater  aflinity  of  water  for  this 
kind  of  membrane;  while,  on  the  other  hand,  in  the  case 
of  a  membrane  of  caoutchouc,  the  alcohol,  from  its  greater 
aflinity  for  this  substance,  would  pass  freely  into  the  water. 
Absorption  by  blood- vessels  is  the  consequence  of  their 
walls  being,  like  the  membranous  septum  of  the  endoamo- 
meter,  porous  and  capable  of  imbibing  fluids,  and  of  the 
blood  being  so  composed  that  most  fluids  will  mingle  with 
it.     Thus  the  relation  of  the  chyme  in  the  stomach  and 
intestines   to  the  blood  circulating  in  the  vessels  of  the 
gastric  and  intestinal  mucous  membrane  is  evidently  just 
that  which  is  required  for  osmosis.     The  chyme  contains 
substaiicea  which   have   been   so  acted  upon    by   the   di- 
gestive juices  as  to  have  become  qnite  able  to  pnss  through 
mimal  membrane,  or  to  dialyze  as  it  is  called.     The  thin  animal 
Dbrane  is  the  coat  of  the  blood-vessels  with  the  intervening  mucous 
nbmne.     The  nature  of  the  fluid  within  the  vessels,  the  very  feeble 
Her  of  dialyzation  which  the  albuminous  blood  possesses,  determines 
direction  of  the  osmotic  current,  viz.,  into  and  not  out  of  the  blood- 
lelfi.     The  current  is  of  courne  aided  by  the  fact  of  the  constant 
mge  in  the  blood  presented  to  the  osmotic  surface,  as  it  rapidly  eircu* 
within  the  vessels.     As  a  rnle  the  current  is  from  the  stomach  or 
iatine  into  the  blood,  hot  the  reversed  action  may  occur,  when,  for 
pie,  snlphate  of  magnesia  is  taKen  into  the  stomach,  in  which  case 
is  a  rapid  discharge  of  water  from  the  blood- vessels  into  the  ali- 
itary  canal  resulting  in  purgation.     The  presence  of  various  sub- 
ioe«  in  the  food  has  the  power  of  diminishing  the  rate  of  absorption; 
influence  is  probably  exerted  upon  the  membrane,  diminishing  its 
of  permitting  osmosis*     Whereas  the  presence  of  a  little  hydro- 


imeler. 
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chloric  acid  in  the  contents  of  the  stomach  appears  to  determine  tba 
direction  of  the  osmosis,  or  at  any  rate  to  diminish  or  prevent  exosmooi 

The  conditions  for  osmosis  exist  not  only  in  the  alimentary  mnoooi 
membrane,  but  also  in  the  serous  cavities  and  the  tissnes  elsewhere. 

Various  substances  have  been  classified  according  to  the  degieeh 
which  they  possess  the  property  of  passing,  when  in  a  state  of  solutui 
in  water,  through  membrane;  those  which  pass  freely,  inasmuch  u  iluj 
are  usually  capable  of  crystallization,  being  termed  cry«/a/foub,  and  thou 
which  pass  ¥rith  difficulty,  on  account  of  their  physically  glue-like  ciuNP* 
acter,  colloids. 

This  distinction,  however,  between  colloids  and  crystalloids  vhiA 
is  made  the  basis  of  their  classification,  is  by  no  means  the  only  diib^ 
ence  between  them.  The  colloids,  besides  the  absence  of  power  to 
a  crystalline  form,  are  characterized  by  their  inertness  as  acids  or 
and  feebleness  in  all  ordinary  chemical  relations.  Examples  ot  thai 
are  found  in  albumin,  gelatin,  starch,  hydrated  alumina,  hydrated  sOkii 
acid,  etc. ;  while  the  crystalloids  are  characterized  by  qualities  theierem 
of  those  just  mentioned  as  belonging  to  colloids.  Alcohol,  sugar,  aoi 
ordinary  saline  substances  are  examples  of  crystalloids. 

Filtration,  or  transudation,  means  the  passage  of  fluids  throuf^  tbs 
pores  of  a  membrane  under  pressure.  The  greater  the  pressure  tta 
greater  the  amount  which  passes  through  the  membrane.  Colloids  wiU 
filter,  although  less  easily  than  crystalloids.  The  nature  of  the  substanoe 
to  be  filtered  and  the  nature  of  the  membrane  which  acts  as  the  fittsi 
materially  affect  the  activity  of  the  process.  No  doubt  both  osmoiii 
and  filtration  go  on  together  in  the  process  of  absorption.  An  exceUoit 
example  of  filtration  or  transudation  occurs  in  the  pathological  conditio! 
known  as  dropsy,  in  which  the  connective  tissnes  become  infiltn^ 
with  serous  fluid.  The  fluid  passes  out  of  the  vein  when  the  intra-ven- 
ous  pressure  passes  a  certain  point,  the  fluid  being,  as  it  were,  sqneesed 
through  the  walls  of  the  vessels  by  this  excess  of  pressure. 

Rapidity  of  Absorption. — The  rapidity  with  which  matters  may  In 
absorbed  from  the  stomach,  probably  by  the  blood-vessels  chiefly,  and 
diffused  through  the  textures  of  the  body,  has  been  found  by  experiment 
It  appears  that  lithium  chloride  may  be  diffused  into  all  the  vascolai 
textures  of  the  body,  and  into  some  of  the  non-vascular,  as  the  cartOagi 
of  the  hip-joint,  as  well  as  into  the  aqueous  humor  of  the  eye,  in  a  qasff 
ter  of  an  hour  after  being  given  on  an  empty  stomach.  Into  the  onW 
part  of  the  crystalline  lens  it  may  pass  after  a  time,  varying  from  lia4 
an  hour  to  an  hour  and  a  half.  Lithium  carbonate,  when  taken  in  fill 
or  ten-grain  doses  on  an  empty  stomach,  may  be  detected  in  the  nriM 
in  5  or  10  minutes;  or,  if  the  stomach  be  full  at  the  time  of  taking tiMI 
dose,  in  20  minutes.  It  may  sometimes  be  detected  in  the  urine,  moiti 
over,  for  siX;  seven^  or  eight  days*  ^ 
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De  experiments  on  the  absorption  of  various  mineral  and  vegeta- 
iOD8  have  brought  to  light  the  singular  fact  that,  in  some  cases, 
lion  takes  place  more  rapidly  from  the  rectum  than  from  the 
ih.  Strychnia,  for  example,  when  in  solution,  produces  its  poi- 
I  effects  much  more  speedily  when  introduced  into  the  rectum 
Ito  the  stomach.  When  introduced  in  the  solid  form,  however, 
Morbed  more  rapidly  from  the  stomach  than  from  the  rectum, 
because  of  the  greater  solvent  property  of  the  secretion  of  the 
than  of  the  latter* 

\ditionsfor  Absorption. — L  The  diffustbility  of  the  substance  to 
drbed  is  one  of  the  chief  conditions  for  its  absorption— ^a  col- 
we  have  seen,  dialyzea  very  little.  It  must  be  also  in  the  Htjuid  or 
Btate,  Mercury  may,  however,  be  absorbed  even  in  the  metallic 
ind  in  that  state  may  pass  into  and  remain  in  the  blood-vessels, 
ieposited  from  them;  and  such  substances  as  exceedingly  finely- 
:  charcoal,  when  taken  into  the  alimentary  canal,  have  been  found 
mesenteric  veins*  Oil,  minutely  divided,  as  in  an  emulsion^  will 
»wly  into  blood-vessels,  as  it  will  through  a  filter  moistened  with 
bat  it  is  doubtful  if  fatty  matters  find  their  way  into  the  blood- 
as  they  do  into  the  lymph -vessels  of  the  intestinal  canaL 
The  leas  dense  the  Jfuid  to  be  absorbed^  the  more  speedy ^  as  a  gen- 
ie, is  its  absorption  by  the  living  blood-vessels.  Hence  the  rapid 
iion  of  water  from  the  stomach;  also  of  weak  saline  solutions;  but 
trong  solutions,  there  appears  less  absorption  into,  than  effusion 
she  blood-vessels. 

'he  absorption  is  the  less  rapid  the  fuller  and  tenser  the  blood-ves- 

i;  and  the   tension  may  be  so  great  as  to  hinder  altogether  the 

le  of  more  fluid.     Thus,  if  water  is  injected  into  a  dog's  veins  to 

(D,  poison  is  absorbed  very  slowly ;  hut  when  the  tension  of  the 

is  diminished  by  bleeding,  the  poison  acta  quicklj^.     So,  when 

g'gbisfies  are  placed  over  a  poisoned  wound,  they  retard  the  ab- 

H  of  the  poison  not  only  by  diminishing  the  velocity  of  the  cir- 

in  the  part,  but  by  filling  all  its  vessels  too  full  to  admit  more. 

in  the  same  ground,  absorption  is  the  qui  eke  r  the  more  rapid  the 

tion  of  the  blood;  not  because  the  fluid  to  be  absorbed  is  more 

imbibed  into  the  tissues,  or  mingled  with  the  blood,  but  because 

Bs  it  enters  the  blood,  it  is  carried  away  from  the  part,  and  the 

>eing  constantly  renewed,  is  constantly  as  fit  as  at  the  first  for 

option  of  the  substance  to  be  absorbed. 

le  four  conditions  are  physical,  but  (5)  the  vital  condition  of  the 
Jve  epithelium  must  not  be  forgotten.  It  has  been  shown,  for 
that  the  absorption  by  the  frog's  skin  is  hastened  by  alcohol 
ded  by  chloroform.  It  appears  also  that  absorption  is  retaraed 
hastened  by  removal  of  the  intestinal  epithelium^ 


(from  Qtialn). 

tiflsues  is  gathered  up  and  carried  back  again  into  the  hlood,  Thi 
tern  of  vessels  is  called  the  Lymphatic  System,  and  the  vessels  themi 
are  named  Lymphatics  or  Abaorbeii  ta.  They  have  often  been  inc 
mentioned  in  former  chapters. 

The  principal  vessels  of  the  lymphatic  system  are,  in  etrncf 
general  appearance,  like  very  small  and  thin-walled  veins.  Tb< 
provided  with  valves.  They  commence  in  fine  microscopic  l^mpi 
iliaries^  in  the  organs  and  tissues  of  the  body,  and  they  end  dire^ 
indirectly  in  two  trunks  which  open  into  the  large  veins  ne 
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I — Superficial  l7mphatic8  of  rlRht  ^Tfiin  and  upper  part  of  thigh,  J— 1.  Upper  inf^iiiial 
*'.  Lowt-ror  In^iinal  or  femoml  glands.  3,  3'.  Plexus  of  lymphailcs  In  tlie  course  of  the 
lous  vein.    dVliuK^agnL) 

k— Lymphatic  ves^ls  of  the  besul  and  neck  and  the  uppi-r  part*  of  tiii?  trunk  (Irlaeumj^f). 
iat  and  peiicardhim  bftve  been  opened  on  the  left  si<le^  and  the  left  itiamma  cJetAcht^id  and 
Itwanl  over  thB  left  arm,  bo  na  to  expose  a  p-eaX  part  of  its  deep  surface.  Tbe  prhiclnai 
^«eaaelfl  and  inlands  an?  shown  on  the  i;hle  of  the  h^^U  and  face,  aod  lu  the  ueck^  aziQa, 
ItiDum.  Bei wf^n  th<^  left  luuriiiil  Ju^ylar  vein  and  thift  ooixunon.  oajrotld  ftitery, cbe  upper 
pai^  of  the  thorncie  duct  niiirked  l  and  ab<ivi^  ttii!),  aiid  dJeecendlng  to2,  thealcfa  and  last 
^^"tL  The  termination  of  ttie  upper  lyiuphutiejs  of  the  diaphrasrm  In  the  tnedliiHtinal 
«c  the  cardiac  aod  the  deep  maiiunary  lymphatics,  is  &\sq  stiowu. 


Extern  of  vessels  will  be  Been  to  pass  through  a  comparatively 
link  called  the  thoracic  dttri^  which  finally  empties  its  contents 
I  blood-stream,  at  the  junction  of  the  internal  jugular  and  sub- 
Veins  of  the  left  aide.  There  is  a  smaller  duct  on  the  right  side. 
Cic  vessels  of  the  intestinal  canal  are  called  lacfeals,  because 
lion  the  fluid  contained  in  them  resembles  milk  in  appear- 
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ance;  and  the  lymph  in  th©  laeteals  during  the  period  of  digesiios 
called  i'htfk.     There  is  no  essential  distinction,  however,  between  \su(M 
and  lymphatics.     In  some  parts  of  its  course  the  lymph-stream  in 
pass  til  rough  lymphatic  glands. 

Lymphatic  vessels  are  distributed  in  nearly 
parts  of  the  body.  Their  existence,  howeverp, 
not  yet  been  determined  in  the  placenta,  the  l 
bilical  cord,  the  membranes  of  the  ovum,  a| 
any  of  the  so-called  non-vascular  parts,  as 
nails,  cuticle,  hair,  and  the  like. 

Griffin  of  Lymph  Capillaries, — ^Tbo  lympb 
capillaries  commence  most  oommonly  either 
in  clothe ly  meshed  networks,  or  {b)  in  irregi 
lacunar  spaces  between  the  various  structurei 
which  the  different  organs  are  composed.  Sj 
irregular  spaces,  forming  what   is   now    tena 


Fig,  879  -Superficial  lymiihatloi  of  the  forearn)  and  palm  of  the  band,  J,— 6.  Two  nchftll  IEN 
at  the  bend  of  tlm  Arm.    6.  Itadlal  Jymphallc  v«a«fla.    7.  tUnar  lympliafcto  ▼fmeis.    ft,  8.  Pr 
arch  tJf  lymphatics,    tt.  »'.  Outer  and  innt?!-  »et»  of  reaielB.     h.  Ophalic  vein.     d.  RadUl 
e    Uedlau  vein.    /,  tJlnar  vein.    Tht^  lymphatlca  are  reprosBOted  as  lying  on  th«  deep  h 
(Mascai^nll 

Fig.  2H0  —  Lyni|ihntiesof  control  tendon  of  rabhitRdiaphraffin.stotned  with  nil  ver  nitrate, 
ground  siutistaxiw^  han  Iwd-en  nhadt'tl  diaurttmniatjeally  to  brinjf  otit  the  lympbatica  dtf*rly.    L  L 
phAtlcH  lined  by  loa«  narrow  endothelial  cells,  and  fho^Ing  \\  valireft  at  frequent  interrala  CS 

the  lymph-canalicular  system,  have  been  shown  to  exist  in  many  ti 
sues.     In  serous  membranes  such  as  the  omentum  and  mesentery  tk 
occur  as  a  connected  system  of  very  irregular  branched  spaces  pal 
occupied  by  connective  tissue-corpUBcleSj  and  both  in  these  and  in  ml 
other  tissued  are  found  to  communicate  freely  with  regular  lympbi 
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ts.  In  many  caees,  though  they  are  formed  mostly  by  the  chinks 
irarLXiies  between  the  blood -veiselB,  secreting  ducts,  and  other  parts 
1  xn&y  happen  to  form  the  framework  of  the  organ  in  which  they 
,  they  are  lined  by  a  distinct  layer  of  endothelium. 
he  l&c teals  offer  an  illustration  of  another  mode  of  origin^  namely, 
t  blind  dilated  extremities;  hut  there  is  no  essential  diHerenco  in 
tore  between  these  and  the  lymphsitic  c^ipillanes  of  other  parts. 
ir'U<:iure  of  Lymph  Capillarus. — The  structure  of  lymphatic  capil- 
i  is  very  similar  to  that  of  blood -capillaries :  their  walls  consist  of 
gle  liiryer  of  elongated  endothelial  cells  with  sinuous  outline,  which 
re  along  their  edges  to  form  a  delicutc  membrane.  They  ditfer 
I  hlottd  ctipillaries  mainly  in  their  larger  and  very  variable  calibre, 
in  their  nnmerous  communications  with  the  spaces  of  the  lymph- 
Jicular  syste^m. 

Obfnfnunicaitons  of  the  Lymphatics. — The  fluid  part  of  the  blood 
itantly  exudes  from  or  is  strained  through  the  walls  of  the  blood- 
Ulariee,  so  as  to  moisten  all  the  surrounding  tiesues,  and  occupies 
interapacea  which  exist  among  their  different  elements,  which  form 
I  beginnings  of  the  lymph-capillaries;  and  the  latter,  therefore,  are  the 
f»ns  of  collecting  the  exuded  blood  plasma,  and  returning  that  part 
lich  is  not  directly  absorbed  by  the  tissues  into  the  blood -stream.  It 
luot  necessary  to  assume  the  presence  of  any  special  channels  between 
» blood  and  lymphatic  vessels,  inasmuch  as  even  blood-corpuscles  cuin 
I  bodily,  without  much  difficulty,  through  the  walls  of  the  blood- 
illaries  and  small  veins,  and  could  pass  with  still  less  trouble,  proba- 
tiy, through  the  comparatively  ill-defioed  walls  of  the  capillaries  which 
sit&in  lymph. 

It  has  been  already  mentioned  (p.  31)  that  in  certain  parts  of  the 

>dj,  jtfoma/ff  exist,  by  which  lymphatic  capillaries  directly  communi- 

I  with  parts  hitherto  supposed  to  be  closed  cavities* 

tStomata  have  been  found  in  the  pleura;  and  as  they  may  be  pre* 

|ed  to  exiBt  in  other  serous  membranes,  it  would  seem  as  if  the  serous 

hitherto  supposed   closed,  form  but  a  large  lymph-sinus  or 

ing  out,  so  to  speak,  of  the  lymph -capillary  system  with  which 

iirectly  communicate. 

i  absorption  into  the  lymphatic  Bystem  takes  place  in  membraneB 
by  epithelium   or  endothelium  through  the  interstitial  or  inter- 
'  cement-substance,  it  is  said  to  take  place  through  pseudo-simnaia^ 
I  alluded  to  (p.  32). 


pes. 


ben  j 


tration  of  L]pnphatic9  of  Diaphragm. — ^The  atomala  on  the  peritoneal 
the  diaphragm  are  the  op<3nmg8  of  short  vertical  canalB  which  lead 

\ie  lymphatics,  aod  are  lined  by  cells  like  those  of  germinating  endo- 
By  ill  trod  ueiog  a  wohition  of  Berlin  blue  into  th«  peritoneal  cavily 

InuU  shortly  after  death,  and  suspending  it,  head  downward,  an  in- 
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jection  of  the  lymphatic  TesBelB  of  the  diaphragm,  thioagh  the  atom 
peritoneal  surface,  may  readily  be  obtained  if  artificial  respiration  1 
on  for  about  half  an  hour.  In  this  way  it  has  been  found  that  in  i 
the  lymphatics  are  arranged  between  the  tendon  bundles  of  the  cent 
dineum ;  and  they  are  hence  termed  interfascicular.  The  centrum  t 
is  coated  by  endothelium  on  its  pleural  and  peritoneal  surfaces,  and  its 
consists  of  tendon  bundles  arranged  in  concentric  rings  toward  tb 
side  and  in  radiating  bundles  toward  the  peritoneal  side. 

The  lymphatics  of  the  anterior  half  of  the  diaphragm  open  into  thi 
anterior  mediastinum,  while  those  of  the  posterior  half  pass  into  a  1 
vessel  in  the  posterior  mediastinum,  which  soon  enters  the  thora 
Both  these  sets  of  vessels,  and  the  glands  into  which  they  pass,  ai 
injected  by  the  method  above  described ;  and  there  can  be  little  d 
during  life  the  flow  of  lymph  along  these  channels  is  chiefly  caus 
action  of  the  diaphragm  during  respiration.  As  it  descends  in  ini 
the  spaces  between  the  radiating  tendon  bundles  dilate,  and  lymph  ^ 
from  the  peritoneal  cavity,  through  the  widely  open  stomata,  into 
fascicular  lymphatics.  During  expiration,  the  spaces  between  the  < 
tendon  bundles  dilate,  and  the  lymph  is  squeezed  into  the  Ijrmphatic 
the  pleural  surface  (Klein).  It  thus  appears  probable  that  during  he 
is  a  continued  sucking  in  of  lymph  from  the  peritoneum  into  the  1} 
by  the  ^  pumping*'  action  of  the  diaphragm ;  and  there  is  doubtless  a 
continuous  exudation  of  fluid  from  the  general  serous  surface  of  tt 
neum.  When  this  balance  of  transudation  and  absorption  is  disturb 
by  increased  transudation  or  some  impediment  to  absorption,  an  acci: 
of  fluid  necessarily  takes  place  (ascites) . 

Structure  of  Lymphatic  Vessels. — The  larger  vessels  as  bef< 
tioned  are  very  like  veins,  having  an  external  coat  of  areolar  ti« 
elastic  filaments;  within  this,  a  thin  layer  of  areolar  tissne,  i 
striped  muscular  fibres,  which  have,  principally,  a  circular  d 
and  are  much  more  abundant  in  the  small  than  in  the  larger 
and  again,  within  this,  an  inner  elastic  layer  of  longitudinal  fil 
a  lining  of  epithelium ;  and  numerous  valves.  The  valves,  con 
like  those  of  veins,  and  with  the  free  edges  turned  toward  tt 
are  usually  arranged  in  pairs,  and,  in  the  small  vessels,  are  sc 
placed,  that  when  the  vessels  are  full,  the  valves  constrictii 
where  their  edges  are  attached,  give  them  a  peculiar  beaded  or 
appearance. 

The  Lymph  Flow. 

The  flow  of  the  lymph  toward  the  point  of  its  discharge  into  1 
is  brought  about  by  several  agencies.  With  the  help  of  the 
mechanism  (1)  all  occasional  pressure  on  the  exterior  of  the  ly 
and  lacteal  vesaels  propels  the  lymph  onward:  thus  muscular  a: 
external  pressure  accelerates  the  flow  of  the  lymph  as  it  does 
the  blood  in  the  veins.     The  actions  of  (2)  the  muscular  fibre 
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1  mteetinej  and  probably  the  layer  of  UBBtriped  muscle  present  in 
intestinal  villus,  seem  to  assist  in  propelling  the  chyle:  tor,  in  the 
U  intestine  of  a  mouse,  the  chylo  has  been  seen  moving  with  inter- 
kent  propulsions  that  appeared  to  correspond  with  the  peristaltic 
lements  of  the  intestine.  But  for  the  genenil  propulsion  of  the 
iph  and  chyle,  it  is  probable  that,  together  with  (3)  the  vis  a  (ergo 
Iting  from  absorption  (us  in  the  ascent  of  Sivp  in  ii  tree),  and  from 
tmal  pressure,  some  of  the  force  may  be  derived  (4)  from  the  con- 
Btility  of  the  vessers  own  walls.  The  respimtory  movements,  also, 
favor  the  current  of  lymph  through  the  thoracic  duct  as  they  do  the 
mt  of  blood  in  the  thoracic  veins. 


,ymph-Hcarts.— In  r^-X'tilefl  and  aume  birds,  an  important  auxiliary  to  the 
rettient  of  the  lymph  and  chjle  is  supplied  in  cei-tain  miiS€Lilar  »acs,  named 
-hearts,  and   it  has  been  shown  that  the  caudal  heart  of  tlie  eel   ia  a 
i'hemrt  also.     The  number  and   p.»sJliuu  of  these  organs  var>\     In  frogs 
there  are  usually  four,  two  auti^rior  aud  two  i>otjterior ;  io   the  frog, 
rior  lymph-heart  on  earh   nide  is  situated  in  the  ischiatic  region,  just 
the   skin;  the  anterior  lies  de<?per,  ju^t  over  the  transverse  process  of 
vertebra.     Into  eaeh  of  these  cavities  several  lymphatics  ofien,  the 
of   the  vessels  being  guarded  by  valves,  which  prevent  the  retrograde 
of   the  lymph.     From  each  heart  a  single  vein  proceeds,  and  conveys 
Qph  directly  into  the  venous  system.     In  the  frog,  the  inferior  lymphatic 
on  each  side,  ptjurs  its  lymph  int*>  a  branch  of   the   ischiatic  vein;  by 
fttperior.  the  lynjph   i.s  forced   into  a  hratich  of  the  jugular  vein,  which 
froni  its  anterior  surface,  and  which   l>ecoroes  turgid  each  time  that  the 
tODtracts.     Blood  is  prevented  from  jiassing  from  the  vein   into   the  lym- 
ic  hfisoLTt  by  a  vahe  at  its  orifice. 

muscular  coat  of  thes^i  heart^^  is  of  variable  thickness  ;  in  some  oases  it 

imly  be  discovered  by  means  of  the  microscoije ;    but   in   every  case   it  la 

of  strii^ed  fibres.     The   contractions  of  the  hearts  are  rhythmical, 

ig  about  sixty  times  in  a  minute^  slowly,  and,  in   comparison   with 

of  the  blood -hearts,  feebly.     The  pulsations  of  the  cervic^U  pair  are  not 

'8  synchronous  with  til ose  of  the  pair  in  the   ischiatic  region,  and  even 

fponding  sac«  of  opposite  sides  are  not  always  sjTichronoua  in  their 

ke  the  contractions  of  the  blood -heart,  those  of  the  lymph-heart  appear 

directly  dejiendent   upon  a  certain  limited   fiortion   of   tlte  spinal   cord, 

rVolktnann  found   tliat  so  long  as  the  j>ortion  of  spinal  cord  corresix>nding 

third  vertebra  of  the  frog  was  unmjuretl,  the  cervical  pair  of  lymphatic 

continued  pulsating  after  all  the  rest  of  the  spinali  ctjrd  and  the  brain 

destroyed;  while  destruction  of  this  portion,  even  tliough  all  other  parts 

Dervous  centres  were  un injured,  instantly  arrested   the  heart's  raove- 

Tlie   posterior,    or  ischiatic,  pair  of   lymph -hearts   were  found   to  l>e 

led,   in  like  manner,  by  the  ix)rtii>n  of  spiaal  cord  corresponding  to  the 

vertebra.     Division  of  the  posterior  spinal  rmits  did  not  arrest  the  move- 

;  but  division  of  the  anterior  roota  caused  them  to  cease  at  once.  . 

iphatjc  Glands* — Lymphatic  glands  are  small  round  or  oval 
bodies  varying  in  size  from  a  hemp-seed  to  a  btiau,  interposed 

a; 
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in  the  course  of  the  lymphatic  veggels,  and  through  which  the  chieJ 
of  the  lymph  passes  in  its  course  to  be  tlischiirged  into  the  blood-? 
They  are  found  in  great  numbers  in  the  mesentery,  and  along  thd 
vessels  of  the  abdomen,  thorax,  and  Jieck;  in  the  axilla  and 


Fir.  281  — 8«ctton  of  a  metfienierfc  gland  from  the  ox,  alitrbily  muf^in*^,   a,  Hilos ;  I 
oeofcmliMirt  of  xh**  Qfi^xre)^  tutMliilliLrj  Buh^ttauct? ;  c,  cortlciLl  «ub<iLauo5  wiUi  indlsUrtct 


few  in  the  poplitoal  spaca,  but  not  further  down  the  leg,  and 
arm  as  far  as  the  elbow.     Sumo  lymphatics  do  not,  however,  pa8^  thf 
glands  before  entering  the  thoraeicj  duct. 

tSfrurfitre.^A  lynitdiittic  gland  is  covered  externally  by  a  cupa 
connective  tissue,  generally  eimlaining  some  unstriped  mtiscle, 
inner  *ide  of  the  gland,  which  is  soniowhat  conctive  (hHus),  (tig* 


WHg,  IBS — Red  ion  of  mf^fliillnrj'  snli*it4»H'f  of  lUi  Ititfim 
" 'irttulp  foriniiij<' ri'iirulrd  eurtK  j  tinlint;  in  a  cmnlr 
^    .  i;  ta«  apot'tt^  b,  K  bt^twff-n  ilifi-t*  and  tlit*!  tcliLUiliilrtr 
oerpMcleB  and  travensed  by  tllmiients  of  iH^tlttJrm  corjJr 


III  i<f    an    o-r       n_  n.  tr\nTkAti 


the  capsule  sends  inward  pnwesses  called  irnhecnlw  in  which  thei 
vessels  are  contained,  and  thi^se  join  witli  other  processes  prolonged 
the  inner  surface  of  the  part  of  the  capsule  covering  the  convex  or] 
part  of  the  gland;  they  have  a  struetnre  similar  to  that  of  the  i 
and  entering  the  gland  from  all  sides,  and  freely  commuuicat 
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lous  siippoFting  stroma.  The  interior  of  the  gland  ia  aeen  on  seo- 
,  even  when  examined  with  the  naked  eye,  to  he  made  up  of  two 
i»  an  outer  or  vnrtiml  (fig,  283,  t\  c),  which  m  light  colored,  and  an 
r  of  redder  appearance,  the  medullary  portion  (fig,  281)-  In  the 
r  or  cortical  part  of  the  ghmd  (fig.  283)  the  intervals  between  the 
senile  are  comparatively  htrge,  and  form  more  or  less  triangular  in- 
>inronnicating  spaces  termed  aJpeoIi;  while  in  the  more  central  or 
tiUiiry  part  is  a  finer  meshwork  formml  by  the  more  free  anastomosis 
2e  trahecular  process.  Within  the  alveoli  of  the  cortex  and  in  the 
iwork  formed   by  the  trahecnlfB  in  the  medulla,  is  contained  the 


4  L 


\^/^ 


— Dift^immm&tic  section  of  l3rmphfttie  gJand.    aJ.,  ftfft?rerit ;  tA.,  ^fTerent  lympliAClca; 
ulMtance;  Lh,  retlculAtinie  cords  ot  medullary  substance;  /jc.,  lymph  Ainusi;  c*  fibrous 
In  traJbeculse  ;  t.r„  iuto  th^  BUlj^laucti  uf  tlja  gland.    cBbarpey.) 


m  gland  structure.  In  the  former  it  is  arranged  as  follows:  ocou- 
gthe  central  and  chief  part  of  each  alveolus  is  a  more  or  less  wedge- 
led  muss  of  adenoid  tissue,  densely  packed  with  lymph  corpuscles; 
it  the  periphery  surrounding  the  centnil  portion  and  ininiediutely 
I  the  capsule  and  trabeculas,  is  a  more  open  meshwork  of  adenoid 
le  constituting  the  It/mph  sinH.s  or  channel^  and  containing  fencer 
pb-corpuscles.  The  central  mass  is  inclosed  in  endothelium,  the 
of  which  join  by  their  processes,  the  processes  of  the  adenoid  f  rame- 
l  of  the  lymph  sinus.  The  trabeculie  are  also  covered  with  endothe- 
•  The  lining  of  the  central  m^iss  does  not  prevent  the  passage  of 
■  uid  even  of  corfjuscles  iuto  the  lymph  sinus.  The  framework  of 
^  tissue  of  the  lymph  sinus  is  nucleated,  that  of  the  central  mass 
ti*nacleated«     At  the  inner  part  of  the  alveolus,  the  wedge-shaped 
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centml  mags  divides  into  two  or  more  c^maller  rounded  or 
masses  which  joining  with  those  from  the  other  alveoli,  form  ik 
cloEer  amiugement  of  the  gland  tisane  than  in  the  cortex;  spacf 
384,  b)f  are  left  within  those  iiniistomosing  cords*  in  which  are 
portions  of  the  tnibeculnr  meshwork  and  the  continuation  of  the  ] 
flintis. 

The  essential  strneture  of  lymphatic-gland  substance  resemblq 
which  was  describod  as  existing,  in  a  simple  form,  in  the  interiors 
solitary  and  agminated  intestinal  follicles. 

The  lyrnpb  enters  the  glund  by  several  afferent  veesels^  whid 


Fig.  S84.— A  small  pti«rtl[On  of  nipclulkiry  KtilM¥tanc4>  from  a  me«enteric  fdund  of  t 
becula?;  «,  i>ait  of  ti  corti  *>f  j^landultir  isiiLwjt»in.cH.*s froni  uUit-h alf  but  n ft>w  of  ibo  l^ 
huve  b*^tj  waRht^l  t>ut  fo  uhnw  itt*  !>iu|»|Hii'Hit);!:  mesliwork  of  ifUforrn  lisssue  acid  lis  i_ 
V€a»«»|j9  (.Mrhlch  have  bet'ci  iiijiMrUHl,  ood  are  lUrk  to  theflgruru};  6.  b,  lymph-sinus,  of  wS 
form  tiastje  is  rfprfSotiLfO  only  at  c,  c.     X  SOU,    (KdlUker.) 

beneath  the  capsnle  into  the  lymph-channel  or  lymph-path;  atth 
lime  they  lay  aside  all  their  coats  except  the  endothelial  liningj 
is  continuous  with  the  lining  of  the  lymph-path.  The  efferent 
begin  in  the  medullary  part  of  the  gland,  and  are  continuous  wfl 
lyniph-puth  here  as  the  afferent  vessels  were  with  the  cortical  pj 
the  endothelium  of  one  is  continuous  with  that  of  tlie  other. 

The  efferent  vessels  leave  the  gland  at  the  hihis^  the  more  i 
concave  inner  side  of  the  gland,  and  genendly  either  at  onoe  l 
soon  after  join  together  to  form  a  single  vessel. 

Blood-vessels  w^hich  enter  and  leave  the  gland  at  the  hilus  are 
distributed  to  the  trabecular  tissue  and  to  the  gland*palp. 
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The  Lymph  and  Chyle. 

Lytnph  18,  under  ordinary  circumstances,  a  clear,  trapspar^nv,  and 
ish  fluid,  of  a  specific  gravity  varying  from  101:^ — 10'^2,  It  m 
Old  of  smell,  is  siiglitly  alkaline,  and  has  a  saliDo  taste.  As  seen  with 
microscope  in  the  small  transparent  vessels  of  the  tail  of  the  tad- 
J,  it  usually  contains  no  corpuscles  or  particles  of  any  kind;  and  it  is 
y  in  the  larger  trunks  that  any  corpuscles  are  to  be  found.  These 
rpuscles  are  similar  to  colorless  blood-corpuscles.  The  fluid  in  which 
corpuscles  float  is  albuminous,  and  contains  no  fatty  particles;  but 
liable  to  variations  according  to  the  general  state  of  the  blood,  and  to 
kt  of  the  organ  from  which  the  lymph  is  derived.  It  may  clot  on  ex- 
laore  to  the  air.  As  it  advances  toward  the  thoracic  duct,  after  pass- 
g  through  the  lymphatic  glands,  it  becomes  spontaneously  coagulable 
id  the  number  of  corpuscles  is  much  increased. 

Ckple^  found  in  the  hicteals  after  a  nical>is  an  opaque,  whitish,  milky 
id,  neutral  or  slightly  alkaline  in  reaction.     Its  whiteness  and  opacity 
(due  to  the  presence  of  innumerable  particles  of  oily  or  fatty  matter, 
exceedingly  minute  though  nearly  uniform  size,  measuring  on  the 
^TtLgB  about  jxj t^T?  ^^  ^^^  ^^*^^  (0-8/i),     These  constitute  what  is  termed 
molecular  base  of  chyle.     Their  number,  and  consequently  the  opac- 
of  the  chyle,  are  dependent  upon  the  quantity  of  fatty  matter  con- 
ned in  the  food.     The  fatty  nature  of  the  molecules  is  made  manifest 
their  solubility  in  ether.     Each  molecule  probably  consists  of  a  drop- 
of  oil  coated  over  with  albumen,  in  the  manner  in  which  minute 
of  oil  always  become  covered  in  an  ulbumiuous  solution.     This  is 
when  water  or  dilute  acetic  acid  is  added  to  chyle,  many  of  the 
lea  are  lost  sight  of,  and  oil-drops  appear  in  their  place,  as  the 
rnent^  of  the  molecules  have  been  dissolved,  and  their  oily  cou- 
buve  rnn  together. 

;oept  these  molecules,  the  chyle  tivken  from  the  villi  or  from  lac- 
near  them,  contains  no  other  solid  or  organized  bodies.     The  fluid 
ich  the  molecules  float  is  albuminous,  and  does  not  spontaneously 
te.     But  as  the  chyle  passes  on  toward  the  thoracic  duct,  and 
ly  while  traversing  one  or  more  of  the  mesenteric  glands,  it  is 
tted.     The  quantity  of  molecules  and  oily  particles  gradually  di- 
tithes;  cells,  to  which  tlie  name  of  chi/k-mrpusefes  is  given,  appear 
it;  and  it  acquires  the  property  of  coagulating  spontaneously.     The 
ler  in  the  thoracic  duct  the  chyle  advances,  the  greater  is  the  nnm- 
«f  chyle-corpuscles,  and  the  larger  and  firmer  is  the  clot  which  forms 
when  withdrawn  and  left  at  rest     Such  a  clot  is  like  one  of  blood 
>ut  the  red  corpuscles,  having  the  chyle-corpuscles  entangled  in  it» 
he  fatty  matter  forming  a  white  creamy  film  on  the  surface  of  the 
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serum.  But  the  clot  of  chyle  is  softer  and  moister  than  that  of  bloc 
Like  blood,  also,  the  chyle  often  remains  for  a  long  time  in  its  jmm 
without  coagulating,  but  coagulates  rapidly  on  being  remoYed  from  tim 
The  existence  of  the  materials  which,  by  their  union,  form  fibrin^  i 
therefore,  certain;  and  their  increase  appears  to  be  commensorate  wl 
that  of  the  corpuscles. 

The  structure  of  the  chyle-corpuscles  was  described  when  BpetUHj 
of  the  white  corpuscles  of  the  blood,  with  which  they  are  identical  f 
lymph,  in  chemical  composition,  resembles  diluted  plasma,  and  fromvl 
has  been  said,  it  will  appear  that  perfect  chyle  and  lymph  are,  in  Mi 
tial  characters,  nearly  similar,  and  scarcely  differ,  except  in  thepr^ 
deranoe  of  fatty  andproteid  matter  in  the  chyle. 


Chemical  CoMPOSinoN  of  Ltxfh  and  Ghtlb. 

L  n.  m. 

lormph.  durle.  Mixed  ~ 


Water 96.686^'        W.2^^'        ^^^^ 

Solids 8.454  9.768  9. 59 


'^ 


Solids— 

Proteids,  including  Serum-Albu 

min,  Fibrinogen,  and  Globulin. 

Extractives,  including  in  (I  and  i 

II)    Sugar,  Urea,    Ceucin   and  ■ 

Cholesterin  .  ) 

Fatty  matter  and  Soaps  a  trace  8.801  .9S 

Salts .685  .711  .44 


1.890  8.886  7.06 

1.559  1.565  1.08 


Quantity. — The  quantity  which  would  pass  into  a  cat's  blood 
tweuty-four  hours  has  been  estimated  to  be  equal  to  about  one-sixth 
tlie  weight  of  the  whole  body.  And,  since  the  estimated  weight  of  t 
blood  in  cats  is  to  the  weight  of  their  bodies  as  1  to  7,  the  quantitf 
lymph  daily  traversing  the  thoracic  duct  would  appear  to  be  about  e^ 
to  the  quantity  of  blood  at  any  time  contained  in  the  animals.  By  I 
other  series  of  experiments,  the  quantity  of  lymph  traversing  the! 
racic  duct  of  a  dog  in  twenty-four  hours  was  found  to  be  about  eqnd 
two-thirds  of  the  blood  in  the  body. 

Channels  of  Absobption. 

The  Lacteals, — During  the  passage  of  the  chyme  along  the  int 
canal,  its  completely  digested  parts  are  absorbed  into  the  blood 
distributed  in  the  mucous  membrane.     The  absorption  into  both  i 
vessels  is  carried  on  rnost  actively  hit  not  exclusively,  in  the  tntti  of  i 
small  intestine;  for  in  them  both  the  capillary  blood- veseels  wai^ 
lacteals  are  brought  almost  into  contact  with  the  intestinal  eont 
There  seems  to  be  no  doubt  that  absorption  of  &tty  matters  di 
digestion,  from  the  contents  of  the  intestines,  is  effected  chiefly  tlun 
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thelial  cells  which  line  the  intestinal  tract,  and  especially  those 
h  clothe  the  surface  of  t!ie  villi.  Thenco,  the  fatty  particles  are 
id  on  into  t!ie  interior  of  the  lacteal  vc^ssels,  but  how  they  pasB,  and 
I  laws  govern  their  pjissage,  are  not  at  present  exactly  known.  The 
►h-corpaseles  of  the  villi  are  however,  in  some  animals^  e.ff,,  the  rat 
frog,  important  agenfcs  in  eileeting  the  puasag^e  of  fat-particles  into 
ftcteals.  These  cells  take  up  the  fat  whicli  has  passed  through  the 
Dnar  cells  and  then,  by  reason  of  their  amaeboid  movemtnt,  carry 


^'^c-^ 


^f>    mtr* 


4K. — Section  of  th6  villus  of  a  rat  kiUect  duriDg  fat  abiitDrptloti.    ra, 
€^  lymiiil^oeils  ;  r',  JympU  cells  lu  Lin?  ppithiHitim ;  I,  central  hirl**.!,!  c 


i.epltbelhim;  str^  fttri&ted 
on  tain  I  ng  tli8iut*'gratlni5 


ft  the  lacteal*     When  arrivod  there  they  break  up  and  set  free 

mi  and  proteid  matter  thereby. 

he  process  of  absorption  is  assisted  by  the  pressure  exercised  on 

ontents  of  the  intestines  by  their  contractile  walls;  and  the  absorp- 

of  fatty  particles  is  also  facilitated  by  the  presence  of  the  bile,  and 

pancreatic  and  intestinal  secretions,  which  moisten  the  absorbing 

tee. 

Tte  Lifmphaiirs. — The  lymph  is  diluted  liquor  mnmdnis^  which  is 

S exuding  from  the  blood-capillaries  into  the  interstices  of  the  tis- 
1  which  they  lie;  and  as  these  interatieoB  form  in  most  parts  of 
iy  the  beginnings  of  the  lymphatics,  the  source  of  the  lymph  is 
Ijently  obvious.      In  connection  with  this  may  be  mentioned  the 

tt  changes  in  the  chanicter  nf  the  lymph  correspond  very  closely 
ngeQin  %h§  chi^racterQf  either  the  whole  mass  of  blood,  or  of  that 
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in  the  veeaelB  of  the  part  from  which  the  lymph  is  exuded,  Tho 
pears  that  the  coaguhbility  of  the  lynijih,  although  alwayg  le^  1 
directly  proportioiiiite  to  that  of  the  blood;  and  that  when  fluida 
jected  into  the  blood- veseek  in  sufficient  quantity  to  distend  thi 
injected  subst^ince  may  be  almost  directly  afterward  found 
lymphatics. 

Some  other  matters  than  those  originally  contained  in  the  < 
liquor  sanguinis  may,  however,  lind  their  way  with  it  into  the  Ijn 
vessels.  Parts  which  having  entered  into  the  composition  of  a 
and,  having  fulfilled  their  purpose,  require  to  be  removed,  may 
altogether  excrement itious,  but  may  admit  of  being  reorgani» 
adapted  again  for  nutrition;  and  these  may  be  absorbed  by  th 


f%  iSl^liucotia  fnombrmnei  of  fro«*i  Inttttme  durlmffflftl  nbsorpUoti.  cp^  epiU 
border;  V,  t>iuph  corpuBcUss ;  1,  iACt«U,    (B.  A,  Hcbuer.) 

phflticB,  and  elaborated  with  the  other  contents  of  the  lymph 
through  the  glands. 

The  Blood'  Vessels, — In  the  absorption  by  the  lymphatic  or 
vessels  just  described  there  appears  something  like  the  exorcise  ol 
in  the  materials  admitted  into  them,  This  is  not  the  case  w 
blood-vessels;  it  appears  that  every  substiince,  whether  gaseoas^ 
or  a  sohible,  may  be  absorbed  by  the  blood-vessels,  provided  it  j 
of  permeating  their  walla,  and  of  mixing  with  the  blood. 


Where  Absorption  May  Take  Place. 


%^ 


In  the  Alimenitfrf/  Canal, — Tlie  greatest  activity  of  absorption 
in  the  alimentary  canal.  In  it  the  materials  of  the  duly  digesti 
0nd  their  way  by  means  of  this  process  on  the  one  hand  into  the 
vessels  of  the  portal  circulation,  and  on  the  other  into  th©  lacteal 
which  are,  as  w©  have  seen,  the  comniencements  of  the  lymphatio 
of  the  intestines. 

In  ili&  i^'immwh, — Recent  experiments  have  shown  that  tho! 
sorption  docs  take  place  in  the  stomach,  it  is  not  aa  active  as  w 
merly  supposed,  even  in  the  case  of  water.  Von  Mering  has 
that  water  begins  to  pass  from  the  stomach  into  the  intestine 
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soon  as  it  is  swallowed,  aiid  that  very  little  of  it  is  absorbed  from 
le  stomach.  Of  500  cc.  given  by  moiitli  to  a  large  dog,  only  5  cc. 
pere  abeorbed  in  25  mi  mites,  tlio  rest  having  passed  into  the  intestine. 
Peptones  and  sugars  are  absorbed  in  the  stomacli^  bnt  only  to  a  limited 
flrtent,  and  the  same  is  trne  of  salts.  Fata  are  not  absorbed  at  all  in  the 
lomacb.  In  all  cases  absorption  from  the  stomach  is  mnch  increased 
»y  ttlcohol  and  condiments,  snch  as  pepper  and  mustard. 

In  the  Small  Intesttne^^AW  the  products  of  digestion  are  absorbed 

the  small  intestine,  as  is  abnndantly  shown  by  experiments.  The 
tion  of  fats  has  been  already  described-  Recently  absorption 
the  small  intestine  has  been  studied  in  the  human  snbject  in  the 
of  a  patient  who  had  a  fistulous  opening  in  the  lower  part  of  the 
ileum.  Eighty-five  per  cent  of  the  proteid  of  a  test-meal  was  absorbed 
fore  the  food  reached  the  fistula.  Though  water  and  salts  are  freely 
ibsorbed,  the  intestinal  contents  does  not  lose  much  in  bulk  or  fluidity 
because  of  the  quantity  of  water  added  in  the  alimentary  secretions.  In 
iheorptioD,  sugar  is  changed  either  just  before  or  during  its  passage 
hrough  the  wall  of  the  intestine  from  maltose  into  dextrose. 

In  the  Large  Infest ute, — A  great  deal  of  absorption  takes  place  in 
be  large  intestine.  This  is  evident  from  the  fact  that  the  intestinal 
lOQtenta  is  very  fluid  when  it  enters  the  largo  intestine,  and  almost 
olid  when  ifc  leaves  it  Its  contents  passes  through  the  largo  intes- 
ioe  very  slowly,  usually  occupying  about  1%  hours.  In  addition  to 
mter  and  salts,  the  sugar,  proteid,  and  fats  not  absorbed  in  the  small 
atestino  are  almost  entirely  absorbed  here. 

The  power  of  absorption  in  the  large  intestine  sometimes  forms  an 
nportant  feature  in  medical  practice.  When  patients  cannot  swallow 
l^ltt]  or  liquid  food,  or  retain  what  lias  been  swallowed,  they  may  be 
Dnrished  by  rectal  feeding.  The  large  intestine  showa  a  remarkable 
ower  in  its  ability  to  absorb  unchanged  albumins,  such  as  white  of  egg, 
I  well  as  peptones  and  proteoses. 

In  the  stomach  as  well  as  in  both  the  large  and  small  intestine,  the 
beorption  of  water,  salts,  proteids,  and  sugars  takes  place  chiefly  into 
le  blood-vessels. 

Tlirough  the  Skin, — It  has  been  shown  that  metallic  preparations 
ubbed  into  the  skin  have  the  same  action  as  when  given  internally, 
dIj  in  a  leas  degree.  Mercury  applied  in  this  manner  exerts  its  spe- 
ific  influence  upon  syphilis,  and  excites  salivation;  potassio-tartrate  of 
Dtimony  may  excite  vomiting,  or  an  eruption  extending  over  the  whole 
wdy;  and  arsenic  may  jiroduee  poisonous  effects.     Vegetable  matters, 

.,  if  soluble,  or  already  in  solution,  give  rise  to  their  peculiar  effects, 

Cftthartics,  narcotics,  and  the  like,  when  rubbed  into  the  skin.     The 

t  of  rubbing  is  probably  to  convey  the  particles  of  the  matter  into 
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the  orifices  of  the  glands,  wheuce  they  are  more  readily  absorbed  than 
they  would  be  through  the  epidermis.  When  simply  left  iu  contact 
with  the  skin^  substances^  unless  in  a  fluid  state^  are  seldom  absorbed. 

It  has  long  been  a  contested  question  whether  the  skin  covered  with 
the  epidermis  has  the  power  of  absorbing  water;  and  it  is  a  point  the 
more  difficult  to  determine  because  the  skin  loses  water  by  eyaporation. 
But,  from  the  result  of  many  experiments,  it  may  now  be  regarded  as  a 
well-ascertained  fact  that  such  absorption  really  occurs.  The  absorption 
of  water  by  the  surface  of  the  body  may  take  place  in  the  lower  animab 
very  rapidly.  Not  only  frogs,  which  have  a  thin  skin,  but  lizards, in' 
which  the  cuticle  is  thicker  than  in  man,  after  having  lost  weight  bf  j 
being  kept  for  some  time  in  a  dry  atmosphere,  are  found  to  recover  both  j 
their  weight  and  plumpness  very  rapidly  when  immersed  in  witw. 
When  merely  the  tail,  posterior  extremities,  and  posterior  part  of  the  | 
body  of  the  lizard  are  immersed,  the  water  absorbed  is  distribntedj 
throughout  the  system.  And  a  like  absorption  through  the  skin,  thonghi 
to  a  less  extent,  may  take  place  also  in  man. 

In  severe  cases  of  dysphagia,  when  not  even  fluids  can  be  taken  into! 
the  stomach,  immersion  in  a  bath  of  warm  water  or  of  milk  and  water  J 
may  assuage  the  thirst;  and  it  has  been  found  in  such  cases  that  tbil 
weight  of  the  body  is  increased  by  the  immersion.  Sailors  also,  wb«  j 
destitute  of  fresh  water,  find  their  urgent  thirst  allayed  by  soaking  thebj 
•clothes  in  salt  water,  and  wearing  them  in  that  state;  but  these  effectii 
are  in  part  due  to  the  hindrance  to  the  evaporation  of  water  from  tii^ 
skin. 

Through  the  Lungs. — It  is  a  remarkable  fact  that  not  only  is  thi^ 
epithelium  of  the  pulmonary  air  vesicles  able  to  allow  the  passage 
through  it  of  gases  and  volatile  substances,  but  that  also  under  certail^ 
conditions  fluids  such  as  water  may  also  be  absorbed,  and  besides  thii» 
the  presence  of  carbon  particles  in  the  bronchial  glands  and  elsewhei* 
in  connection  with  the  lungs  must  point  to  the  pulmonary  epitheliaiD 
as  the  only  possible  channel  of  their  absorption. 


It  18  not  only  necessary  that  the  animal  body  should  be  supplied  with 
)d  in  order  that  its  natural  fuuctions  may  go  on  without  interrupt 
m,  but  it  is  also  equally  requisite  that  tlie  food  should  consist  of  proper 
iterials.  It  may  be  supposed  that  each  kiod  of  arimal  by  instinct 
leps  itflelf  supplied  with  the  substances  which  supply  the  needs  of  its 
m  metabolism  the  best,  and  it  is  a  matter  of  every-day  experience  that 
I  the  ease  of  man,  each  endeavora  to  supply  himself  with  food  accord- 
ig  to  the  circumstances  of  his  surround iuga.  We  may  therefore  accept 
ich  data  as  we  can  obtain  from  the  obstTvation  of  numerous  examples 
t  such  selection  in  the  w^ay  of  diet  when  we  are  in  the  act  of  drawing 
p  a  diet*scale^  relying  upon  such  empiric  knowledge  alone,  or,  on  the 
ther  hand,  we  may  proceed  more  scientifically^  and  endeavor  to  plan  a 
iiet-scale  from  our  experimental  observation  of  the  loss  which  takes 
liee  in  the  body  in  the  course  of  the  twenty-four  hours  by  the  excreta, 
I  we  do  this  we  assume  that  the  food  is  taken  in  to  supply  what  is 
generally  called  the  waste  of  the  tissues.  The  term  is  scarcely  an  accu- 
ate  one,  but  if  we  take  it  to  mean  in  a  restricted  sense^ — what  the 
iiliues  and  organs  of  the  body  give  out  to  be  eliminated  by  the  excretory 
tgana  in  the  course  of  the  day, — we  may  continue  to  use  it* 

The  food  then  may  be  supposed  m  intended  to  supply  the  place  of 
ifaii  which  is  given  out  by  the  body.  But  in  the  choice  of  a  diet  this  ia 
lot  enongh;  the  food  should  be  sullicient  to  supply  such  need  without 
Bfe  and  without  unduly  increasing  the  output  of  excreta,  while  at  the 
ms  time  the  body  should  be  maintained  in  health,  without  increase 
r  loss  of  weight. 

Tbeee  requisites  of  a  diet  scale  then  allow  for  wide  alterations  in  the 
Donnt  of  different  kinds  of  foods  under  different  circumstances. 

Careful  analyses  of  the  excreta,  many  of  which  we  Iiavc  already  had 
caeion  to  call  attention  to,  show  that  they  arc  made  up,  besides  water, 
ieflj  of  the  chemical  elements  carbon,  hydrogen,  oxygen,  and  nitrogen, 
it  that  they  also  contain,  to  a  less  extent,  stdphur,  phosphorus,  chlorine, 
•taflBium,  sodium,  and  certain  other  of  the  elements.  Since  this  is  the 
K  it  most  be  evident  that  to  balance  this  waste,  foods  must  be  supplied 
Dtaioing  all  these  elements  to  a  certain  degree,  but  some  of  them,  viz., 
P0e  which  take  a  principal  part  in  forming  the  excreta,  in  large  amount. 
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Of  the  excreta  the  carbon  dioxide  and  ammonia,  which  are  made  up 
of  the  elements  carbon,  oxygen,  nitrogen,  hydrogen,  are  given  off 
from  the  lungs.  By  the  urine  many  elements  are  eliminated  from  the 
blood,  especially  nitrogen,  hydrogen,  and  oxygen.  In  the  sweat,  the 
elements  chiefly  represented  are  carbon,  hydrogen,  and  oxygen,  and 
these  are  also  those  of  which  the  faeces  are  made.  By  all  the  excretions 
large  quantities  of  water  are  got  rid  of  daily,  but  chiefly  by  the  urine. 

The  relations  between  the  amounts  of  the  chief  elements  contained 
in  these  various  excreta  in  twenty-four  hours  maybe  thus  summarized:— 


By  the  lungs 

By  the  skin 

By  the  urine 

By  the  faeces 

Grammes 


Water. 

C. 

H. 

N. 

330 

248.8 

? 

660 

2.6 





1700 

9.8 

8.8 

15.8 

128 

20. 

8. 

8. 

2818 

281.2 

6.8 

18.8 

651.1$ 
7.2 
11.1 
12. 


681.41 


From  this  should  be  subtracted  the  296  grms.  water,  which  are  pro- 
duced by  the  union  of  hydrogen  and  oxygen  in  the  body  during  the 
process  of  oxidation  (/*.  e.,  33  hydrogen  and  262  oxygen).  There  are  26 
grms.  of  salts  got  rid  of  by  the  urine,  and  6  by  the  faeces;  total, 
32  grms. 

The  quantity  of  carbon  daily  lost  from  the  body  amounts  to  about 
281.2  gnus,   (nearly  4,500  grains),  and  of  nitrogen  18.8  grms.  (neariy 
300  grains),  and  if  a  man  could  be  fed  by  these  elements,  as  such,  the 
problem  would  be  a  very  simple  one;  a  corresponding  weight  of  cha^ 
coal  and,  allowing  for  the  oxygen  in  it,  of  atmospheric  air,  would  be  aD 
that  is  necessary.     But  an  animal  can  live  only  upon  these  elementi 
when  they  arc  arranged  in  a  particular  manner  with  others,  in  the  fona 
of  such  food-stulTs  as  wo  have  already  enumerated,  p.  326  et  seq. ;  more- 
over, the  relative  proportion  of  carbon  to  nitrogen  in   either  of  these 
compounds  alone  is,  by  no  means,  the  proportion  required  in  the  diet 
of   man.     Thus,    in    proteid,  the  proportion   of    carbon    to    nitrogeB 
is  only  as  3.5  to  1.     If,  therefore,  a  man  took  into  his  body,  as  food, 
sufficient  proteid  to  supply  him  with  the  needful  amount  of  carbon,  he 
would  receive  more  than  four  times  as  much  nitrogen  as  he  wanted} 
and  if  he  took  only  sufficient  to  supply  him  with  nitrogen,  he  would  he 
starved  for  want  of  carbon.     It  is  plain,  therefore,  that  he  should  tatot 
with  the  albuminous  part  of  his  food,  which  contains  so  large  a  relatinl 
amount  of  nitrogen  in  proportion  to  the  carbon  he  needs,  substances  iftt 
which  the  nitrogen  exists  in  much  smaller  quantities  relatively  to  thtl 
carbon.  | 
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^^^erefore  evident  that  the  diet  must  consist  of  seyeral  substances, 
>f  one  aione, 

fany  valuable  observations  have  been  nitHle  with  a  view  af  ascertain- 
the  effect  upon  the  metabolism  of  a  variation  in  the  amount  and 
.re  of  food.  These  are  of  great  assistance  in  the  consideration  of 
Btics. 

Effect  of  a  Proieid  Diet. — ExperimentB  have  been  made,  to  a  consider- 
i  extent  upon  do^jfs,  which  denionstrate  the  effect  of  proteid  food, 
er  a  period  without  food,  during  which  the  output  of  nitrogen,  as 
wn  by  the  urea,  had  diminished  to  a  certain  amount,  the  animal  is 
with  a  diet  of  lean  meat  which  would  sudice  to  produce  the  amount 
urea,  and  so  of  flesh,  which  it  had  been  losing  during  its  starvation 
iod.  The  effect  of  this,  however,  is  at  once  to  send  up  the  amount 
urea  excreted  to  a  point  above  that  which  it  has  been  previous  to  the 
amencement  of  its  flesh  diet,  so  that  again  the  output  of  nitrogen 
iild  exceed  its  income,  and  the  weight  of  the  animal  would  continue 
rly  to  diminish.  It  is  only  after  a  considerable  increase  of  the  flesh 
en  that  a  point  is  reached  where  the  income  and  expenditure  are 
ial»  and  at  which  the  animal  is  not  using  up  quickly  or  slowly  the 
rogen  of  big  own  tissue,  and  is  no  longer  losing  flesh.  This  comlition 
which  the  nitrogen  of  the  egecta  equals  the  nitrogen  of  the  ingesta  is 
5wn  as  nitrogeuouH  equiUhrutm.  In  the  dog,  according  to  Waller,  it 
s  not  occur  until  the  amount  of  flesh  of  the  food  is  over  tliree  times 
great  as  would  be  necessary  to  supply  the  nitrogen  of  the  urea  during 
eriod  of  starvation.     Thus  a  dog  excretes  during  a  starvation  period 

I  grms.  of  urea  per  kilo  of  body  weight;  in  order  to  satisfy  ibis  it 
aid  be  necessary  to  administer  1.5  grnis.  per  kilo  of  meat;  this  at 
5e  increases  urea  excreted  to  about  0.75  grni«,  ]ier  kilo  of  body  w- eight, 
Udtrogenons  equilibrium  is  not  attained  until  over  three  times — viz,, 
Bb.  per  kilo  of  body  w^eight  of  meat  is  given.  Foster  gives  even  a 
^  figure.     The  effect^  therefore,  of  proteid  food  is  largely  to  increjise 

excretion  of  urea,  ivbich  indicates  increase  of  tlie  metabolism  of  the 

II  mast  not  be  thought  however  that  during  nitrogenous  equilibrium 
re  is,  of  necessity,  equilibrium  of  carbon.  On  the  contrary,  it  is  very 
lible  that  the  carbon^  as  supplied  by  the  large  amount  of  meat,  is  not 
irelj  eliminated  J  but  may  be  partially  retained  in  the  body.  If  re- 
hed  in  the  body  it  is  probably  retained  in  the  form  of  fat,  although 

»|j  it  might  be  retained  partially  as  some  carbohydrate,  e,^.,  gly- 
;  but  the  amount  of  glycogen  obtained  from  the  body  is  too  small 
the  latter  to  be  appreciable.  The  animal  in  nitrogenous  equilib- 
D,  therefore,  may  gain  weight,  although  not  in  the  form  of  flesh. 
E>&verse  amy  also  be  the  case,  the  animal  getting  rid  of  more  carbon 
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than  the  meat  supplies,  in  which  case  he  wonld  lose  weight  hot  woali 
not  lose  flesh. 

The  proteids  of  food  are  described  by  Voit  as  hafing  two  rolatioof 
to  the  proteid  metabolism  and  to  outgoing  urea;  the  first  part  going  to 
maintain  the  ordinary  and  quiet  metabolism  of  the  tissues,  for  whidi 
purpose  it  is  actually  built  up  into  their  molecule,  and  the  second  part 
caasing  a  more  rapid  formation  of  urea  and  rapid  proteid  metabolinn, 
but  never  forming  a  part  of  the  actual  protoplasmic  molecule.  The 
former  proteids  are  called  morphotic  or  tissue  proteids,  the  latter  arai- 
lating  or  floating  proteids.  Normally  more  proteid  is  eaten  than  k 
needed  to  supply  proteid  waste.  Pflttget  has  pointed  out,  howeyer,  tint 
the  tissues  must  have  an  excess  of  proteid  to  destroy  in  order  to  perfon 
their  metabolic  processes  normally.  This  use  of  the  proteids  to  formbf 
their  oxidation  heat  and  not  to  produce  tissue  was  looked  upon  by  thi  | 
older  physiologists  as  a  wasteful  use  of  good  material,  and  was  called  i 
luxus  consumption. 

The  condition  of  nitrogenous  equilibrium  (1.0.,  the  income  and  out- 
put being  equal)  is  one  which  may  be  maintained  even  if  the  amonnt  of 
proteid  taken  as  diet  far  exceeds  the  necessities  of  the  economy,  thenni 
being  excreted  in  excessive  amount,  and  the  wasteful  use  of  proteid  food 
which  is  so  common  may  not  be  attended  with  harmful  conseqnenoeii 
so  long  as  the  liver  is  able  to  do  its  work  in  the  formation  of  urea.  Thft 
body  may  or  may  not  increase  in  weight,  but  if  the  liver  strikes  work 
from  any  cause,  a  condition  of  lithiasis,  or  of  gout,  follows. 

It  has  not  actually  been  proved,  but  it  is  not  unlikely,  that  even  in 
the  condition  of  lithiasis,  the  nitrogen  of  the  ingesta  may  not  greatly 
exceed  that  of  the  egesta,  but  that  the  mode  of  elimination  is  different 
It  is  only  in  eases  of  growth  or  putting  on  of  flesh,  as  in  growing  chil- 
dren, that  nitrogen  is  retained  in  the  body,  except  to  a  very  small  amount, 
in  health. 

According  to  calculations  which  have  been  made,  it  appears  tint 
the  body  puts  on  thirty  grammes  of  flesh  for  every  gramme  of  nitrogen 
60  retained. 

As  regards  the  retention  of  carbon  in  the  body,  it  is  calculated  tW 
one  gramme  and  a  half  of  weight  is  put  on  for  each  gramme  by  whiA 
the  ingesta  of  carbon  is  greater  than  the  egesta. 

Hie  Effect  of  an  Albuminoid  Diet. — The  albuminoid  which  iseat* 
in  greatest  quantity  is  gelatin.  Though  gelatin  closely  resembles  th 
proteid  molecule  chemically,  it  cannot  replace  the  proteid  of  the  food. 
In  other  words,  nitrogenous  equilibrium  cannot  be  maintained  on  a  diet 
consisting  of  gelatin,  carbohydrates,  and  fats.  Proteid  food  is  abeo-j 
lutely  essential  to  the  reconstruction  of  the  proteid  molecule.  Gelatia, 
is  one  of  the  proteid  substances  which  does  not  have  any  food  valoe^ ' 


itridlj  speaking,  as  the  following  e3q>erimenta  will  prove:     In  one  caao, 

when  500  grms.  of  food,  without  any  geliitin,  formed  the  diet,  the  sub* 

jectlost  22  grms.,  but  when  200  grms,  of  gelatin  were  added,  the  subject 

pmed  54  grms.     In  another  experiment,  when  the  diet  consiatecl  of  2,000 

pmB.  of  meat  withoat  gehitin,  the  gain  was  30  grms.»  but  when  '-JOO 

gmB,  of  gelatin  were  added,  the  gain  became  370  grms.     The  lack  of 

real  food  value  is  proven  by  a  third  experiment  ia  which  the  diet  con- 

fiftfd  at  fir^t  of  200grma.  each  of  meat  and  of  gelatin;  here  the  gain  was 

25grnis.,  but  when  the  meat  was  omitted  and  the  gelatin  alone  given, 

there  waa  a  loss  of  118  grms.     In  these  cases  gelatin  did  not  take  the 

jplsee  of  proteid  in  any  sense,  hnt  rather  saved  it  from  work.     The  pro- 

leid  was  so  protected  that,  instead  of  being  used  up^  it  helped  to  form 

tmwea  and  increased  the  body  weight.     Gelatin,  therefore,  saves  other 

paterial  for  constructive  processes. 

•     Formation  of  Urea, — Having  studied  the  naes  of  proteids  in  the  body, 

ire  may  next  torn  our  attention  to  their  conversion  to  urea,  the  form  in 

ubich  the  uaed-np  proteids  chiefly  leave  the  body.     The  method  of  fornia- 

ionof  nrea,  as  well  as  the  place  where  this  occurs,  has  given  rise  to  great 

Qtroversy,  while  moat  of  the  intermediate  products  between  proteids 

id  nrea  have  not  as  yet  been  determined.     We  can  state  with  certainty 

hat  urea  is  not  formed  in  the  kidneys,  since  it  is  not  only  found  in  the 

Jood  of  the  renal  artery,  but  it  accumulates  in  the  blood  if  the  kidneys 

re  diseased  or  removed  and  theFepiiratioiiof  tlie  urine  is  interfered  with, 

ns  it  seems  reasonable  to  assume  that  the  function  of  the  kidneys, 

far  as  the  more  important  solid — urea-^is  concerned,  is  only  one 

if  reparation.     This  will  be  discussed  under  the  heading  of  the  method 

ibo  secretion  of  the  nrine.     It  remains  to  consider  here  the  question  of 

le  origin  of  the  urea  whioh  ia  found  in  the  blood,  and  its  method  of 

'ormatioD. 

I  At  the  present  time  it  ia  believed  that  nrea  is  formed  in  the  liver. 
phis  conclusion  is  borne  out  by  a  nuraberof  experiments.  The  power  of 
Rie  liver  cells  to  form  urea  is  shown  by  the  increase  of  urea  in  the  blood 
leaving  an  isolated  (and  living)  liver,  through  which  an  artificial  circula- 
m  is  kept  up,  when  ammonium  carbonate,  or  other  ammonium  saHs, 
added  to  the  Wood.  The  same  change  occurs  even  when  liver  ia 
up  and  simply  mixed  with  the  ammonium  compounds  in  a 
:er;  this  shows  that  the  change  is  dne  to  the  metabolic  activity  of 
cella.     The  reaction  is  probably  as  follows: 

(NHJ.^C0,-2H,0  =  CON^H,. 


' 


blood  from  a  well-fed  animal  be  circulated  through  the  isolated 
tfaere  is  a  distinct  increase  in  the  amount  of  urea  it  contains.     On 
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the  other  band,  if  the  blood  be  from  a  fasting  animal,  there  is  no  in- 
crease of  urea.  Evidently,  then,  the  blood  from  a  well-fed  animal  con- 
tains something  which  the  liver  cells  are  capable  of  transforming  to 
urea.  And,  finally,  if  the  liver  be  removed  and  the  animal  kept  alive, 
as  has  been  done  (Pawlow),  there  is  a  marked  diminution  in  the  quan- 
tity of  urea  in  the  urine.  The  power  of  the  liver  to  form  urea  is  thui 
demonstrated,  and,  moreover,  the  fact  that  the  liver  forms  from  some 
antecedent  substance  the  greater  part  of  the  urea  eliminated. 

The  question  which  now  presents  itself  is,  What  is  this  antecedent 
substance  or  substances? 

Urea  is  the  end-product  of  the  oxidation  of  proteids.  It  was  formerly 
thought  that  urea  was  formed  directly  from  some  antecedent  among  the 
closely  related  2)roducts  of  proteid  metabolism,  such  ascreatin,  creatinin, 
leucin,  tyrosin,  xanthin,  hypoxanthin,  etc.  Creatinin  at  one  tiiD6 
seemed  the  most  probable  source,  because  in  laboratory  experiments  it 
decomposes  into  urea  and  sarcosin.  Attention  was  also  directed  to 
leucin  and  tyrosin,  which  are  found  in  practically  all  the  glandnlar 
organs  of  the  body.  It  was  found  that  when  leucin  was  fed  to  a  dog,  < 
the  amount  of  urea  in  the  urine  was  considerably  increased,  but  that 
leucin  itself  did  not  appear;  the  same  phenomena  were  noticed  with 
glycin,  sarcosin,  and  the  amido  acids.  It  was  also  known  that  ia 
acute  yellow  atrophy  of  the  liver,  a  disease  characterized  by  degeneration 
of  the  liver  cells  with  consequent  loss  of  functional  power,  the  urea  of 
the  urine  was  replaced  by  leucin  and  tyrosin.  Experimental  investiga- 
tion, however,  did  not  justify  any  of  these  theories. 

Finally  it  was  found  that  when  ammonia  was  fed  to  animals,  the 
nitrogen  appeared  in  the  urine  in  the  form  of  urea.  Due  investigatioi 
of  this  fact  led  to  the  belief  that  proteids  were  first  broken  down  to  aa 
aninionia  stage  and  then  again  built  up  into  urea  by  the  liver.  For  a 
long  time  it  was  thought  that  this  stage  was  represented  by  ammoniuB 
carbonate,  but  in  view  of  recent  experiments  this  idea  has  been  gives 
up,  and  it  is  now  believed  that  anunoniuin  carbamate  is  the  true  ante- 
cedent. 

In  these  experiments  the  liver  was  first  shut  out  of  the  general  cir>j 
culation  by  (Eck's  fistula)  connecting  the  portal  vein  with  the  hepati( 
artery;  the   results  of   this   operation   are,   for  all  practical  purpo8ei|| 
equivalent  to  actual  removal  of  the  liver.     When  animals  survived  thil   ' 
operation  it  was  found  that  they  could  live  if  fed  very  carefully  on  I 
mixed  diet  from  which  proteids  were  almost  entirely  eliminated,  h« 
that  if  the  food  contained  an  excess  of  proteids,  convulsions  ensued  aA     ~ 
proved  fatal.     Further  investigation  of  the  composition  of  the  urini  \_ 
and  blood  showed  that  proteid  metabolism  was  represented  in  them  Ij  ^■ 
ammonium  carbamate  and  not  by  urea.     Ammonium  carbamate  was  tbea 
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icted  ID  to  the  blood  of  other  aDimals  ;  when  a  larger  quaDtity  waa 

ld  than  the  liver  could  diBpose  of»  death  eQBued,  foliowiijgcouviiliioDs 

|he  Banie  nature  as  those  prod  need  hy  ao  eicess  of  proteid  food  In  the 

lals  which  had  beeo  operated  on. 

AmmoDiumearbamato  la  thus  shown  to  be,  in  ptirt  at  least,  the  direct 

cedent  of  urea;  it  m  also  shown  to  be  a  toxic  Bubetance  which  may 

death  by  accumulating  iu  excess.     The  reaction  by  which  the  Iher 

ages  it  to  the  inert  form  of  nraa  is  as  followg: 

(Atumoniura  carbajnate.)  CUrea«) 

e  manner  in  which  absorbed  proteide  are  changed  to  aminoniQm 
bamate,  etc.,  ia  as  yet  un decided .  According  to  one  theory,  while 
II  in  the  circulating  n^edium,  they  are  metabolized  by  direct  contact 
th  the  living  bioplasm  of  the  tissyes^  accordiug  to  another,  they  must 
it  be  incorporated  in  the  body  tissues  and  then  changed.  The  inter- 
cdiate  Bteps  occur  chieOy  in  muscle  tissue^  and  there  is  great  reason  to 
[ppoae  that  some  of  the  steps  are  represented  by  variona  ntoscle  extrac- 
ires  aucb  as  creatinine  hypoxantbio,  etc.  These  substances  probably 
ttak  down  into  carbon  dioxide^  ammonia^  and  amido-acids,  and  are 
^en  built  up  by  synthetic  processes  into  ammonium  carbonate,  and 
leD  by  dehydration  changed  to  ammonium  carbamate.  Another  possible 
ttecedent  ia  ammonium  lactate;  this  is  derived  from  the  lactic  acid 
lich  is  produced  in  large  quantities  in  the  muscles.  Muscular  activity 
icreases  the  elimination  of  urea,  but  the  increase  is  very  slight,  and 
ttre  is  DO  direct  relationship  between  the  amount  of  work  done  and  the 
lount  of  nitrogen  excreted. 

There  is  experimental  evidence  to  show  that  while  the  liver  pro- 
Ices  the  major  part  of  the  urea  eliminated,  other  organs  or  tisgues 
B  capable  of  forming  it  to  a  limited  degree. 

Formation  of  Uric  AekL — Uric  acid  probably  ari»es  much  in  the 
IM  way  as  urea.  The  relation  which  uric  acid  and  urea  bear  to  each 
ler,  aa  we  have  seen^  is  still  obscure.  The  fact  that  they  often  exist 
[ether  in  the  same  urine,  makes  iteeem  probable  that  they  have  differ- 
korigiDS;  but  the  entire  replacement  of  one  by  the  other,  as  of  urea 
uric  acid  in  the  urine  of  birds,  serpents,  and  many  insects,  and  of 
c  acid  by  area,  in  the  urine  of  the  feline  tribe  of  Mammalia,  shows 
ijr  close  relationship.  But  alihoogh  it  is  tme  that  one  molecule  of 
acid  IB  capable  of  splitting  up  into  two  moleculea  of  urea  and  one 
Ifiee^oxalic  acid,  this  is  no  evidence  that  uric  acid  ib  an  antecedent  of 
H  in  the  nitrogenous  metabolism  of  the  body. 

The  intimate  relations  which  exist  between  several  other  of  the  ni- 
18 
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trogenoaa  extractives  aud  ario  acid  will  be  seen  by  a  referenoe  to 

lonnulae: — 

Hypozanthin  or  Camin C»H4N40. 

Xanthin CftH«N«Oi. 

Uric  Acid CftH4N«Ot. 

Formation  of  Hippuric  Acid, — The  source  of  hippuric  acid  is  not 
isfactorily  determined;  in  part  it  is  probably  derived  from  some  odh 
uents  of  vegetable  diet,  though  man  has  no  hippuric  acidnn  his  f 
nor,  commonly,  any  benzoic  acid  that  might  be  converted  into  it 
part  from  the  natural  disintegration  of  tissues,  independent  of  veget 
food,  for  Weismann  constantly  found  an  appreciable  quantity,  even  i 
living  on  an  exclusively  animal  diet.  Hippuric  acid  arises  from 
union  of  benzoic  acid  with  glycin  (0,H,NO,  +  0,H,0,  =  C,H,NC 
H,0),  which  union  probably  takes  place  in  the  kidneys  themselves.  1 
possible  that  the  aromatic  radicle  in  this  reaction  is  obtained  from 
splitting  up  of  tyrosin,  which  appears  so  frequently  as  a  result  of 
decomposition  of  proteid,  the  ammonia  radicle  with  which  it  is  aas 
ated  going  to  form  urea. 

The  source  of  the  extractives  of  the  urine  is  probably  in  chief  ] 
metabolism  of  the  nitrogenous  tissues,  but  we  are  unable  to  say  whei 
these  nitrogenous  bodies  are  merely  accidental,  having  resisted  ftui 
decomposition  into  urea,  or  whether  they  are  the  representatives  of 
decomposition  of  special  tissues,  or  of  special  forms  of  metabolisn 
the  tissues.  There  is,  however,  one  exception,  and  that  is  in  the  < 
of  kreatinin ;  this  represents  not  only  the  kreatinin  which  enters 
body  in  ordinary  flesh  food,  but  nitrogenous  waste  as  well. 

Effects  of  Fats  and  Carbohydrates  as  Food, — Etperiments  illustrat 
the  ill-effects  produced  by  feeding  animals  upon  one  or  two  aliment 
substances  only  have  been  often  performed. 

Dogs  were  fed  exclusively  on  sugar  and  distilled  water.  During 
first  seven  or  eight  days  they  were  brisk  and  active,  and  took  their  f 
and  drink  as  usual;  but  in  the  course  of  the  second  week  they  begai 
get  thin,  although  their  appetite  continued  good,  and  they  took  ii 
between  six  and  eight  ounces  of  sugar.  The  emaciation  increased  dur 
the  third  week,  and  they  became  feeble,  and  lost  their  activity  and 
petite.  At  the  same  time  an  ulcer  formed  on  each  cornea,  followec 
an  escape  of  the  humors  of  the  eye:  this  took  place  in  repeated  exp 
ments.  The  animals  still  continued  to  eat  three  or  four  ounces  of  si 
daily;  but  became  at  length  so  feeble  as  to  be  incapable  of  motion, 
died  on  a  day  varying  from  the  thirty-first  to  the  thirty- fourth.  On 
section  their  bodies  presented  all  the  appearances  produced  by  death  f 
starvation ;  indeed,  dogs  will  live  almost  the  same  length  of  time  witl 
any  food  at  all. 

When  dogs  were  fed  exclusively  on  guniy  results  almost  simUar  to 
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10  eoBoed.  When  tbey  were  kept  on  ohve-oil  and  waier^  all  the 
■oieDa  produced  were  the  Bame,  except  that  bo  ulceration  of  the 
Ma  took  place;  the  effects  were  also  the  Bame  with  butter.  The  ex^ 
seota  of  Cfaoesat  and  Letellier  prove  the  same;  and  in  men^  the 
ahowo  by  the  variona  diseasea  to  which  those  who  coDSume  but 
itrogeDOQS  food  are  Hahlef  and  eepecially  by  the  affection  of  the 
which  is  observed  in  UinduB  feeding  almost  exclnaively  on  rice* 
ie  nutritive  function  of  fata  and  carbohydratea  in  the  body  is  to 
aa  a  source  of  energy.  They  are  oxidized,  with  the  ultimate  pro- 
Iction  of  carbon  dioxide  and  water,  and  muat  liberate  the  aame  amount 
energy  as  whan  burnet^  outside  the  body.  A  given  amount  of  fat, 
jwever,  furnishes  more  energy  than  a  corresponding  amount  of  cither 
lotaid  or  carbohydrate.  The  stock  of  fat  in  the  animal  body  will  de- 
If  the  fatal  consequences  of  the  deprivation  of  food*  The  percentage 
la  of  fat  in  a  starving  animal  is  given  on  page  440. 
J%s  Formation  of  Glycogen  {Glycogenesis). — The  important  fact  that 
Hhrer  normally  forms  sugar,  or  a  substance  readily  convertible  into 
^■B  discovered  by  Claude  Bernard  in  the  following  way:  he  fed  a 
Hi»r  seven  days  with  food  containing  a  large  quantity  of  sugar  and 
Kveb;  and,  as  might  he  eipocted^  found  sngar  in  both  the  portal  and 
patic  blood.  But  when  this  dog  was  fed  with  meat  only,  to  his  snr- 
laei,  sugar  was  still  found  in  the  blood  of  the  hepatic  veins.  Repeated 
periments  gave  invariably  the  same  result;  no  sugar  being  found, 
3er  a  meat  diet,  in  the  portal  vein,  if  care  were  taken,  by  applying  a 
atore  on  it  at  the  transverse  fissure,  to  prevent  re^ux  of  blood  from 
I  hepatic  venous  system.  Bernard  found  sugar  also  in  the  substance 
the  liver.  It  thus  seemed  certain  that  the  liver  formed  sugar,  even 
en,  from  the  absence  of  saccharine  and  amyloid  matters  in  the  food, 
be  conld  be  brought  directly  to  it  from  the  stomach  or  intestines. 
Bernard  found,  gubBequently  to  the  before-mentioned  experimenta, 
it  a  liver,  removed  from  the  body,  and  from  which  all  sugar  had  been 
mpletelj  washed  away  by  injecting  a  stream  of  water  through  its 
-vessels,  after  the  lapse  of  a  few  hours  contained  sugar  in  abun- 
This  post-mortem  production  of  sugar  was  a  fact  which  could 
explained  on  the  supposition  that  the  liver  contained  a  substance 
[y  convertible  into  sugar;  and  this  theory  was  proved  correct  by  the 
rery  of  a  substance  in  the  liver  allied  to  starch,  and  now  generally 

glycogen, 
^e  may  believe  that  glycogen  is  first  formed  and  stored  in  the  liver 
and  that  the  sugar,  when  present,  is  the  result  of  its  traiisformatioD. 
rcB  of  Glycogen.— Mihough^  as  before  meutioned»  the  greatest 
nt  of  glycogen  is  produced  by  the  liver  upon  a  diet  of  starch  or 
\  a  certain  quantity  is  produced  upon  a  proteid  diet.  The  glyco- 
whcn  stored  in  the  liver  cells  may  readily  be  demonstrated  in  sec- 
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tiona  of  liver  oontaining  it  by  its  reaction  (red  or  port-wine  oolor)  v 
iodine,  and  moreover,  when  the  hardened  sections  are  so  treated  ti 
the  glycogen  is  dissolved  out,  the  protoplasm  of  the  cell  is  00  vacaoki 
as  to  appear  little  more  than  a  framework.  There  is  no  donbt  that 
the  liver  of  a  hibernating  frog  the  amount  of  glycogen  stored  up  in  < 
outer  parts  of  the  liver  cells  is  very  considerable. 

Average  amount  of  Glycogen  in  the  Liver  of  Dogs  under   Various  Dk 

(Pavy). 

Diet.  Amoont  of  GljooeeB  in  Um 

Animal  food 7.19  per  on 

Animal  food  with  sugar  (about  \  lb.  of  sugar  daily)  14.5        " 

Vegetable  diet  (potatoes,  with  bread  or  bariey-meal)         17.23      " 

The  dependence  of  the  formation  of  glycogen  on  the  kind  of  fM 
taken  is  also  well  shown  by  the  following  results,  obtained  by  the 
experimenter: 

Average  quantity  of  Glycogen  found  in  the  Liver  of  Rabbits  after  Ik 
ing,  and  after  a  diet  of  Starch  and  Sugar  respectively, 

Avera^  Amount  of  Olyoogen  in  LM 

After  fasting  for  three  days  .         .         .     Practically  absent 

diet  of  starch  and  grape-sugar        .         .15.4  per  cent 
cane-sugar  .         .         .         .16.9 

Glycogen  is  also  formed  on  a  gelatin  diet,  but  fats  taken  in  as  food 
not  increase  its  amount  in  the  cells.  The  diet  most  favorable  to 
production  of  a  large  amount  of  glycogen  is  a  mixed  diet  containixt 
large  amount  of  carbo-hydrate,  but  with  some  proteid.  Glycerin  injed 
into  the  alimentary  canal  may  also  increase  the  glycogen  of  the  liver. 

Desti nation  of  Glycogen, — There  are  two  chief  theories  as  to  the  < 
nation  of  hepatic  glycogen.  (1.)  That  the  glycogen  is  converted 
sugar  during  life  by  the  agency  of  a  ferment  {liver  diastase)  also  fon 
in  the  liver;  and  that  the  sugar  is  conveyed  away  by  the  blood  of 
hepatic  veins,  to  undergo  combustion  in  the  tissues.  (2.)  That 
conversion  into  sugar  only  occurs  after  death,  and  that  during  lifci 
sugar  exists  in  healthy  livers;  glycogen  not  undergoing  this  transtol 
tion.  The  chief  arguments  advanced  in  support  of  this  view  are, 
that  scarcely  a  trace  of  sugar  is  found  in  blood  drawn  during  life 
the  right  ventricle,  or  in  blood  collected  from  the  right  side  of  thel 
immediately  after  an  animal  has  been  killed;  while  if  the  examiu 
be  delayed  for  a  very  short  time  after  death,  sugar  in  abundance 
be  found  in  such  blood;  (d),  that  the  liver,  like  the  venous  blood  in 
heart,  is,  at  the  moment  of  death,  completely  free  from  sugar,  altiJMM 
afterward  its  tissue  speedily  becomes  saccharine,  unless  the  formatioii 
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preyented  by  boiliog,  or  othiar  means  calculated  to  interfere 
^tion  of  a  ferment. 

Id  of  adopting  the  viesv  that  normally,  during  life,  glycogen 
ptore  of  carbo-hydrate  material  to  be  converted,  little  by  little, 
'  as  occasion  requires,  and  that  it  passes  as  sugar  into  the  he- 
ns blood,  to  be  conveyed  to  the  tissues  to  be  further  disposed 
incliriea  to  the  belief  that  it  may  represent  an  intermediate 
ihe  formation  of  fat  from  materials  absorbed  from  the  alimen- 
il.  There  is  little  evidence  in  favor  of  this  view,  and  although 
ible  that  the  liver  cells  may,  in  some  way  or  other  (not  at  pres- 
rstood),  be  able  to  convert  part  of  its  store  of  glycogen  into  tat> 
msus  of  opinion  inclines  to  the  hdief  that  moat  of  the  glycogen 
I  liver  as  sugar. 

dt  wherever  glycogen  is  found,  in  the  muscles,  in  the  placenta, 
ere,  it  must  l>e  looked  Ufion  as  a  store  of  carbo-hydrate  material 
liy  be  oxiiJi35t3d  to  furnish  energy  to  the  body.  Whether  the 
. which  probably  reaches  the  muscles  as  sugar  is  reconverted  into 
Qi  before  it  is  built  up  as  it  were  into  the  protoplasmic  molecule 

QOWB. 

HfUian  afglyimien  to  the  ceil  meiaboUmn, — It  is  not  exactly  known 
the  gly^^ogen  is  formed  simply  by  a  process  of  dehydration  of 

•  which  reaches  the  cells  in   the    portal    blood,  or  whether 
by   their    metabolism   are    usually   in   the  habit    of    form- 
gen  or  sugar  wdiich,  during  fasting  and  other  similar  conditions, 

discharged  into  the  hepatic  blood  to  be  used  up  by  the  tissues^ 
I  is  stored  up  in  the  cells  as  glycogen  as  long  as  there  ia  suffic- 

•  in  the  blood  without  it,  or  as  long  as  the  tissues  are  so  quiescent 
require  more  than  a  small  i^imntity  of  the  total  amount  of 

■rate  secreted  by  the  hepatic  cells. 
Eosuria. — Sugar  may  be  present  not  only  in  the  hepatic  veins, 
ibe  systemic  blood  to  excess,  and  when  such  is  the  case,  the  sugar 
pd  by  the  kidneys,  and  appears  in  variable  quantities  in  the 
This  condition  is  known  as  glycosuria. 
tee  of  the  Nervmis  Sijsiem, — Glycosuria  may  \m  experimentally 
by  puncture  of  the  medulla  oblongata  in  the  region  of  the 
r  centre.  The  better  fed  the  animal  the  larger  is  the  amount 
band  in  the  urine;  in  the  case  of  a  starving  animal  no  sugar 
It  is,  therefore,  highly  probable  that  the  sugar  comes  from 
ic  glycogen,  since  in  the  one  case  glycogen  is  in  excess,  and  in 
it  is  almost  absent.  The  nature  of  the  influenca  is  uncertain, 
exercised  in  dilating  the  hepatic  vessels,  or  possibly  may  be 
the  liver  cells  tbemeelves.     The  whole  course  of  the  nervous 
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stimulus  cannot  be  traced  to  the  liYer,  but,  at  any  rate,  it  is  not  o 
ducted  by  the  vagi  or  by  the  splanchnics,  but  at  first  it  passes  from  I 
lower  part  of  the  floor  of  the  fourth  ventricle  and  medulla  down  t 
spinal  cord  as  far  as — in  rabbits — the  fourth  dorsal  vertebra,  and  ha 
to  the  first  thoracic  ganglion.  The  formation  of  sugar  by  the  liw 
also  not  a  vaso-dilator  effect,  since  it  will  occur  when  the  vessels  i 
constricted. 

Many  other  circumstances  will  cause  glycosuria.  It  has  been  ohmm 
after  the  administration  of  various  drugs — e.g,y  strychnine  (in  frtf^ 
phloridzin,  a  glucosido,  and  phloretin,  a  derivative  of  phloridzin,  not^ 
glucoside,  morphine,  nitrite  of  amyl,  etc. — after  the  injection  of  nnd 
poisoning  with  carbonic  oxide  gas,  the  inhalation  of  ether,  chlorofoni 
etc.,  the  injection  of  oxygenated  blood  into  the  portal  venous  syslei 
It  has  been  observed  in  man  after  injuries  to  the  head,  and  in  theoood 
of  various  diseases.  | 

In  all  such  cases,  at  any  rate,  the  glycosuria  appears  to  be  due  to  mi 
abnormal  activity  of  the  liver  cells  themselves  set  up  by  the  direct  aotii 
of  the  secretory  nerves  upon  them.  i 

The  well-known  disease,  diahetus  meUituSy  in  which  a  large  quantitf  I 
sugar  is  persistently  secreted  daily  with  the  urine,  has,  doubtless,  aad 
close  relation  to  the  normal  functions  of  the  pancreas.  The  natnn  I 
the  relationship  has  not  yet  been  determined,  though  some  receut  expd 
ments  seem  to  be  pertinent  (see  p.  318).  ] 

Effect  of  too  much  Food, — All  the  three  classes  of  f ood-stnflB  M 
tioned — fats,  carbohydrates,  and  gelatin — have  their  distinct  uses  wM 
combined  with  proteids.     A  small  amount  of  fat  or  n  larger  anionotl 
carbohydrate  (starch  or  sugar)  added  to  some  proteid   diminishes 
amount  of  proteid  required  before  nitrogenous  equilibrium  is  atiii 
(in  a  dog  to  the  extent  of  50  per  cent  or  more),  but  if  the  carbohjdB 
exceed  a  certain  minimum  it  is  retained  in  the  body  as  fat.*    If  thej 
teid  be  increased,  the  metabolism  is  increased  likewise,  and  so  &ti 
not  be  deposited,  even  if  the  carbohydrate  of  the  diet  be  exoessive. 
is  even  possible  that  some  of  the  already  stored-up  fat  may  be  asedl 
and  so  loss  of  weight  (fat)  might  result. 

Persistent  excess  of  carbohydrate  food  produces  an  accumnlatioB 
fat,  which  may  not  only  be  an  inconvenience  causing  obesity,  bnti 
interfere  with  the  proper  nutrition  of  muscles,  and  a  feebleuess  of 
action  of  the  heart,  with  other  troubles.     Starches  when  taken  in  | 


*The  result  of  various  feeding  experiments,  e.g.,  of  the  iiiiloh  cow  fed 
grass,  have  proved  beyond  all  doubt  that  fat  is  formed  by  the  tissues  chie^y I 
cftrboliydrate  food,  but  to  a  les^s  extent  from  proteids.  Fatty  foods,  even  tf 
indirectly  lead  to  the  deposition  of  fats,  are  not  as  such  deposited  in  the  tin 
Fat  is  everywhere  in  the  body  an  effect  of  actual  protoplasmic  metabolism,  i 
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are  almoat  certain  to  give  riee  to  dyspepsia,  with  acidity  and  flat- 
BQce.  Exoeas  of  starch  or  of  sugar  in  the  food  oia}r,  however,  be  got 
i  of  by  the  urine  in  the  form  of  sugar.  There  ia  evidently  a  limit  to 
absorption  of  f»t  as  well  as  of  siarch,  since  tl  in  excesBive  amount 
key  may  appear  in  the  ftBces* 
That  salts  are  necessary  as  food  is  proved  by  tlie  presence  of  scurvy 
len  they  are  not  presiMit,  i;nd  we  know  tlmt  thure  irf  u  ronsunt  excre- 
a  of  chlorides,  pljospliates  and  sulphiiteH  in  the  urine,  so  that  in  rirder 
balance  the  income  and  output,  these  salts  in  combination  with 
dium,  potassium,  calcium,  etc.,  must  be  taken  in. 

The  necessity  for  the  taking  in  of  waiery  in  order  to  balance  the  ex 
petion,  ia  sufficiently  obvious. 
To  summarize  what  has  been  said  :— 

Prateid. — -i.  If  the  nitrogen  of  the  income  is  less  than  that  of  the 
itpnt,  the  animal  loses  Hesh  and  starves,  gradually  or  quickly,  ancord- 
g  to  the  extent  of  the  deficiency. 

ii.  If  the  nitrogen  of  the  income  bo  evenly  balanced,  the  proteid 
ing  only  just  sufficient,  the  animal  does  not  lose  Hesh,  hut  may  increase 
diniinish  in  weight  (fat). 

iii.  If  the  nitrogen  of  the  ingesUi  exceed  that  of  the  egestu,  the  ex- 
fus  mainly  retained  in  the  form  of  Hesh* 

^^.  If  the  proteid  he  in  great  excess,  although  there  be  a  condition 
I  iiitrogenous  equilibrium,  there  may  be  increase  in  weight,  hut  also  a 
kMhood  of  gout  and  similar  ailectlons. 

^K^ity  and  Carhohtjdrate  Fumh  are  of  no  use  either  together  or  sepa- 
tely  without  the  addition  of  the  other  food-stuffs.  In  moderation, 
iter  may  diminish  the  amount  of  proteid  necessary  to  produce  nitro- 
equilibrium.  If  the  quantity  of  either  be  increitsed  beyond  a 
rtain  amonnt,  it  m  retaioeci  in  the  body  !n  form  of  fat  (and,  in  the 
of  the  carbohydrate,  as  glycogen).  If  in  great  excess,  disorders  of 
ion  occur.  Fats  have  more  potential  energy  than  carbohydrutes, 
laralees  digestible.  Fatty  foods  need  more  oxygen  than  carboby- 
ites  when  they  are  used  up  in  the  body. 
Gelatin  will  not  entirely,  but  will  partly  replace  the  proteid  in  a  diet. 
Salt»  of  sodium,  potassium,  calcium^  etc,  are  necessary  in  food,  the 
llorides,  phosphates  and  sulphates,  and  possibly  the  citrates,  being  the 
ttfit  important  of  those  required. 

Wer  ia  absolutely  essential   to   life — an   animal   will  not  survive 
iTation  for  longer  than  a  few  days. 

Effects  of  Deprivation  of  Food. — The  animal  body  deprived  of  all  food 
the  course  of  a  variable  time  dies  from  starvation.  The  length  of 
that  any  given  animal  will  live  in  such  a  condition  depends  upon 
y  circumstances;  the  chief  may  be  supposed  to  be  the  nature  and 
ifity  of  the  metabolism  of  its  tissues. 
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The  effect  of  starvtUion  on  the  lower  aniiBalii  at  nooirded  bj  iwns 
experimenters  is: — (1.)  One  of  the  meet  notable  efitects  of  starratioo, 
might  be  ezpectedy  is  los8  of  weighi  ;  the  loss  being  greatest  at  first,  a 
rule,  bat  afterward  not  varying  very  mach,  day  by  day,  antil  dn 
ensaes.  Ghossat  f oand  that  the  ultimate  proportional  loss  was,  in  d 
ferent  animals  experimented  on,  almost  exactly  the  same;  death  ooa 
ring  when  the  body  had  lost  two-fifths  (forty  per  cent)  of  its  origiD 
weight.  Different  parts  of  the  body  lose  weight  in  very  different  pn 
portions.  The  following  most  noteworthy  losses  are  taken,  in  roa 
numbers,  from  the  table  given  by  Ghossat: — 


Fat      . 

loses  98  per  cent. 

Uver 

.  loses  52  per  ool 

Blood      . 

.        .     75        ** 

Muscles 

48      - 

Spleen 

71 

Nervous  tissues 

.      %      - 

Pancreas 

.     64 

These  figures  are  in  practical  agreement  with  those  of  later  expd 
mentors.  They  show  that  the  chief  losses  are  sustained  by  the  adipa 
tissue,  the  muscles  and  glands. 

(2.)  The  effect  of  starvation  on  the  temperature  of  the  various  ii 
mals  experimented  on  by  Ghossat  was  very  distinct.  For  some  timefl 
variation  in  the  daily  temperature  was  more  marked  than  its  absolnl 
and  continuous  diminution,  the  daily  fiuctuation  amounting  to  3*  G.  (S* i 
6*  R),  instead  of  5°  to  1°  G.  (I''  or  2«  F.),  as  in  health.  Butashorttia 
before  death, the  temperature  fell  very  rapidly,  and  death  ensued  whenti 
loss  had  amounted  to  about  16.2''  G.  (30°  F.);  It  has  been  often  ni 
and  with  truth,  although  the  statement  requires  some  qualification,  ih 
death  by  starvation  is  really  death  from  want  of  heat;  for  not  only  iui 
been  found  that  differences  of  time  with  regard  to  the  period  of  the  fatal  i 
suit  are  attended  by  the  same  ultimate  loss  of  heat,  but  the  effect  of  t 
application  of  external  warmth  to  animals  cold  and  dying  from  starystio 
is  more  effectual  in  reviving  them  than  the  administration  of  food. 

The  symptoms  produced  by  starvation  in  the  human  subject  are  hs 
ger,  accompanied,  or  it  may  be  replaced,  by  pain,  referred  to  the  r^ 
of  the  stomach;  insatiable  thirst;  sleeplessness;  general  weakness  ii 
emaciation.  The  exhalations  both  from  the  lungs  and  skin  are  fosti 
indicating  the  tendency  to  decomposition  which  belongs  to  badly  dos 
ished  tissues ;  and  death  occurs,  sometimes  after  the  additional  exhaastii 
caused  by  diarrha3a,  often  with  symptoms  of  nervous  disorder,  delirii 
or  convulsions. 

In  the  human  subject  death  commonly  occurs  within  six  to  ten  dl 
after  total  deprivation  of  food.  But  this  period  may  be  considertl 
prolonged  by  taking  a  very  small  quantity  of  food,  or  even  water  od 
The  cases  so  frequently  related  of  survival  after  many  days,  or  even  sn 
weeks,  of  abstinence,  have  been  due  either  to  the  last-mentioned  circio 
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es«  or  to  others  no  lees  effectual,  which  preTeoted  the  loss  of  beat 
uoisture.  Cases  Id  waicli  life  iias  continued  idusr  total  abstiiience 
food  autl  dritik  for  many  weeks,  or  months,  exist  only  in  the  iinag- 
m  of  the  vulgar. 

J.)  Daring  the  star\'ation  period  the  excreta  diminish.  The  iirea» 
ipreaenting  the  nitrogen,  falls  quickly  in  amount,  reaches  a  mini- 
i  and  remains  constant  at  this  point  for  several  days,  and  then  rises 
land  finally  falls  rapidly  immediately  before  death;  the  sulphates 
phosphatea  undergo  much  the  same  form  of  reduction.  The  carbon 
ide  given  out  and  the  oxygen  taken  in  diminish.  The  faeces  dimin- 
M  well  as  the  bile.  It  has  been  concluded  as  highly  probable  that 
;reater  part  of  the  urea  represents  the  loss  of  weight  of  the  muscles. 
Phe  appearances  presented  after  death  from  starvation  are  those  of 
ml  wasting  and  bloodlessness,  the  latter  condition  being  least  notice- 
in  the  brain.  The  stomach  and  intestines  are  empty  and  contracted, 
the  walla  of  the  latter  appear  remarkably  thinned  and  almost  trans- 
tit.  The  various  secretions  are  scanty  or  absent,  with  the  exception 
le  bile,  which,  not  being  discharged,  usually  fills  the  gall-bladder. 
MU'ts  of  the  body  readily  decompose. 

a  starvation,  then,  we  see  that  the  only  income  consists  of  the  in- 
d  oxygen.  The  whole  of  the  energy  of  the  body  given  out  in  the 
tion  of  heat  and  mechanical  labor  is  obtained  at  the  expense  of  the 
;  up  of  its  own  tissues,  there  being  as  a  result  a  constant  drain  of 
litrogen  and  carbon,  not  to  mention  the  other  elements  of  which 
are  made  up.  It  is  obvious  that  such  a  condition  cannot  be  en- 
1  for  any  length  of  time. 


^nlFh 


Requisites  of  a  Normal  Diet. 


will  have  been  understood  that  it  is  necessary  that  a  normal  diet 
d  be  be  made  up  of  various  articles,  that  they  should  be  well  cooked, 
bat  they  should  contain  about  the  same  amount  of  carbon  and  ni- 
u  as  are  got  rid  of  by  the  excreta.  No  doubt  these  desiderata  may 
tisfied  in  many  ways,  and  it  would  be  unreasonable  to  expect  the 
if  eyery  adult  to  be  unvarying.  The  age,  sex,  strength,  and  cir- 
^ances  of  each  individual  must  ultimately  determine  what  he  takes 
-d.  A  dinner  of  bread  and  cheese  with  an  onion  contains  all  the 
dtes  for  a  meal,  but  such  diet  would  be  suitable  only  for  those  pos- 
g  strong  digestive  powers.  It  is  a  well-known  fact  that  the  diet 
9  continental  nations  differs  from  that  of  our  own  country,  and 
\t  cold  from  that  of  hot  climates,  but  the  same  principle  underlies 
all,  nz.,  the  replacement  of  the  loss  of  the  excreta  in  the  most 
snt  and  economical  way  possible.     Without  going  into  detai)  in 
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fbe  matter  here,  it  may  be  said  that  any  one  in  actiye  work  leqnires 
food  than  one  at  rest,  and  that  children  and  women  require  Ibbb 
than  do  adalt  men. 

Of  the  varioas  diet-scales  which  have  been  drawn  out  with  the  ol 
of  supplying  the  proximate  principles  in  the  required  proportions, 
foregoing  is  slightly  modified  from  Moleschott: — 

Dry  Food^-  N.  c. 

Proteid        .     120grm8.  (4.282  oz.)  supplying  18.88  grms.  64.18  gnns. 

Fat      .        .      90    *»  (8.174  OE.)        ^  70.20     - 

Carbohydrate  820    *"  (11.64  oz.)        **  146.88     " 

N.  18.88       C.  281.2 
Salts     .        .    30    **         (nearly  1  oz.) 
Water  .    .     2800    " 

Two  other  diet-scales  may  be  mentioned,  which  are  often  quol 
Ti«: — 

Rankb's  Diet-Scale. 

Proteid 100  grma. 

Fats 100     « 

(Carbohydrates 250     ** 

Salts 26     - 

Water 2600     " 

Pettenkoper  a  Vorr's  Diet-Scale  is  as  follows  :— 

Proteids 118  to  187  gnna. 

Fits 56  to  117     *• 

(Carbohydrates 852  to  600    ** 

Salts 

Water 2016  grms. 

The  amount  of  the  excreted  carbon  and  nitrogen  is  not,  of  co 
always  the  same, it  having  been  unfortunately  proved  possible,  for  exai 
to  subsist  on  9  or  10  grms.  of  nitrogen  and  200  grms.  of  carboi 
diem  (the  ordinary  diet  for  needle- women  in  London,  and  the  avera 
the  cotton  operatives  in  Lancashire  during  the  famine,  1862), 
amount  of  these  elements  excreted  falling  to  figures  correspondi: 
such  an  income.  Of  course,  upon  such  a  diet  the  metabolism  is 
and  persistent  weakness  must  be  the  result. 

The  9  or  10  grms.  of  N  in  such  a  semi-starvation  diet  won! 
equivalent  to  58.5  to  65  grms.  of  proteids,  whereas  the  amount  of 
teids  in  some  diets  may  be  as  high  as  150-159  grms.  per  diem  (En 
navvies),  or  165  grns.  (Munich  brewers'  men).  The  English 
Bavarian  soldier  in  time  of  peace  consumes  126  grms.  of  proteic 
diem  (4.4  oz.). 

Not  only  the  proteids  but  also  the  fats  may  vary;  the  amount  mi 
as  low  as  56  grms.  and  as  high  as  117  grms.  The  carbohydrates 
vary  from  200  grms.  to  500  grms.  and  upward.  Sometimes,  wi 
small  proportion  of  fat,  the  carbohydrate  may  be  correspond 
increased  to  make  up  the  necessary  carbon.     A  useful  table  after  I 
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lU  help  to  show  in  what  waye  it  is  possible  to  obtain  the  requisite 
Ddoutit  of  nitrogen  and  carbon  from  the  most  common  food -stuffs. 

In  lOO  parts  of  the  following  substances  the  proportion  of  N  and  C 
^  tBdicated : 


N, 

c. 

N. 

C. 

Beef  (without  bone 

3 

11 

Oatmeal 

,     1.&6 

44 

toast  Beet  . 

H.n2S 

n.7fl 

Bread 

1 

2Q 

Eggs        .         .        . 

1.9 

13.5 

Potatoes 

.       .83 

11 

Cow^s  Milk 

,       M 

a 

Eels  , 

S 

30 

Cheeee    . 

2  to  7 

35  to  71 

Mackerel 

.     8.74 

10.26 

Beauti)  . 

4.5 

43 

Sardines  in  oil 

B 

29 

lentils    . 

4,1 

48 

Butter    . 

.        .64 

m 

37  gnu  a, 
252     " 


I   In  order  to  obtain  the  amount   of   proteid  present  from  the  proportion  of 
Bttmgen.  multiply  by  6.5. 

From  these  data  it  is  possible  to  form  various  diet-scales  which  shall 
TOpply  the  needs  of  different  conditions.  Assuming  that  the  average 
tnionnt  of  carbon  and  nitrogen  required  is  about  30U  grms.  and  20  grnis. 
ftspectivelj,  this  may  be  obtained  a**  follows:— 

m  grmn.    {  j^^^'  avoirdupois  ( ^^^^  u„(.oc»ked  meat*  10 ^ms. 
>»    -         (33  oz.  or  2  lbs,  avoirdui^ois)  bread    ,        .     9    " 
^b  19  grms.       289  gnns. 

But  this  diet  is  not  a  usual  one;  a  certain  proportion  of  the  carbon 
iansually  supplied  aa  butter,  or  bacon,  and  so  if  90  grms.  (3.1  oz.)  of 
butter  or  bacon  be  used  they  would  supply  about  72  grms.  of  carbon,  and 
Hie  carbohydrate  would  be  diminished  nearly  one- third;  but  the  nitro- 
len  would  also  be  diminished  from  9  grms,  to  0  grms.  It  would  be 
taoeasary  to  supply  some  extra  nitrogenous  priuciplcj  and  this  might 
M  done  by  the  addition  of  eggs,  milk,  cheese,  beans,  or  of  any  of  the 
bod-stuffs  already  enumerated  at  p.  326  d  seq,^  as  supplying  nitrogenous 
|M>d  chiefly.     For  example,  5(3  grms,  {%  oz.)  cheese,  would  supply,  on 

Ci  average,  3  grms.  nitrogen  and  20  grms.  carbon;  or  28  grm«.  cheese, 
ppljing  1.5  grms.  nitrogen  and  about  10  grms,  carbon,  and  225 
pm,  (i  lb.)  potatoes^  and  225  grms.  (\  lb.)  carrots,  supplying  together 
iMiit  1  grm.  of  nitrogen  and  35  grma.  of  carbon.  The  diet  would  then 
ead  aa  follows: — 


840  grms. 

ioo     - 

90  ^ 
28  ** 
8S6 


^ 


lean  uncooked  meat 

Bread 

Butter 

Cheese 

Potatoes   I 

Oarrota     \ 


10  grms, 
e     " 

.5  « 
1.5  " 


O. 

37  grms, 
168      " 
73      " 
10      " 

85      - 


N  19 


C.  822 


[*A8  meat  loses  28  to  84   per  cent  on  cookim;.  the  weight  of   cooked  meat 
be  proportionately  be  Uin. 
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The  saltSy  over  30  grms.,  would  be  supplied  by  the  meat  16gniu.t 
the  bread  12  grms.,  and  vegetables  about  4  grma.  The  fluids  sbonld 
consist  of  about  2,500-2,800  grms.,  and  might  be  given  as  vaier,  with 
or  without  tea,  coffee,  or  cocoa  (which  are  chiefly  stimulants),  together 
with  a  small  proportion  of  alcohol. 


Variations  in  Diet  Tables. 

For  infancy. — Milk  affords  a  natural  and  perfect  diet  for  in&nti. 
The  amount  which  an  infant  during  the  first  month  should  take  is  not 
less  than  1  kilogramme  (%\  lbs.)  per  diem.  In  1,000  grms.  there  woolly 
be  about  6.6  grms.  nitrogen  and  80  to  90  of  carbon.  This  allows  fw  i 
gain  of  weight  of  2  to  5  oz.  in  the  time. 

For  climate. — Very  slight  alteration  is  necessary.  For  warm  dimittii 
slightly  increase  the  carbohydrates. 

For  hard  labor. — All  the  articles  of  diet  should  be  increased  to  miki 
up  for  the  increased  metabolism. 

Fattening  diet. — In  such  a  diet  an  excess  of  carbohydrates  should  hi 
present. 

To  reduce  obesity. — The  fats  and  carbohydrates  should  be  diminished, 
but  the  proteids  should  be  relatively  increased. 

To  increaM  muscle. — It  has  been  found  that  a  diet  consisting  largdf, 
of  proteids  in  considerable  amount  combined  with  such  passive  exerci» 
as  that  obtained  by  massage,  will  cause  the  body  to  put  on  flesh. 

For  training. — The  whole  diet  should  be  increased,  possibly  preceded 
by  a  diet  in  which  the  proteid  is  in  excess. 

For  brain  work. — The  chief  essential  is  that  the  diet  should  consist  o( 
easily  digestible  materials. 

Income  and  Output  of  Energy. 

The  food  must  be  considered  from  another  point  of  view  in  additioa, 
to  that  from  which  we  have  been  considering  it.     It  not  only  mi 
up  for  the  substances  eliminated  from  the  body,  but  it  also  sup] 
potential  energy  to  balance  the  energy  set  free  in  the  living  body 
heat  and  movement.     The  amount  of  heat  is  measured  in  terms 
calories,  as  has  been  already  pointed  out.     The  work  done  may  be 
pressed  in  terms  of  foot-pounds  (English  system),  or  metre-grami 
or  metre-kilogrammes  (metric  system).     The  calories  may  also  be 
pressed  in  terms  of  work,  as  heat  is  also,  as  has  been  said,  a  mode  of 
tion.     The  heat-unit  Ca,  may  be  transformed  into  metric  work-unit 
multiplying  by  42  and  dividing  by  1000,  and  the  converse. 
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Mantfestaiions  of  Force  in  the  form  either  of  If  mi  or  Motion, — In  the 
mer  caae  (Heat),  ibe  combustion  miifit  be  Bufiicient  to  maintain  a  tern* 
atnre  of  about  37. 8^*  C*  {100**  F.)  throughout  the  whole  substance  of 
I  body,  in  all  varieties  of  external  temperature,  notwithstanding  the 
ge  amonnt  continually  lost  in  the  ways  previously  enumerated.  In 
I  caae  of  Motion,  there  is  the  expenditure  involved  in  the  {a)  Ordi- 
rj  muscular  movements,  as  in  Prehension,  Mastication,  Locomotion, 
id  numberless  other  ways:  as  well  as  in  (//)  Varions  involuntary  move- 
BUts,  as  in  Respiration,  Circulation,  Digestion,  etc. 

Manifestation  of  Nerve-force;  as  in  the  general  regulation  of  all 
hjBiological  processes,  e,y,^  Respiration,  Circulation^  Digestion;  and 
i  Volition  and  all  other  manifestations  of  cerebral  activity. 

The  energy  expended  in  all  pki/siological  processes ^  e,g,^  Nutrition, 
Bcretion,  Growth,  and  the  like. 

The  total  expenditure  or  total  manifestation  of  energy  by  an  animal 
riy  can  be  measured,  with  fair  accuracy*  AU  statements^  however^ 
list  be  considered  for  the  present  approximate  only,  and  especially  is 
is  the  case  with  respect  to  the  comparative  share  of  expenditure  to 
affiigned  to  the  various  objects  just  enumerated. 

The  amount  of  energy  daily  manifested  by  the  adult  human  body 
(a)  the  maintenance  of  its  temperature;  (h)  in  internal  mechani- 
work,  as  in  the  movements  of  the  respiratory  muscles,  the  heart, 
.;  and  (c)  in  external  mechanical  work,  as  in  locomotion,  and  all 
(cr  volantary  movements,  is  made  up,  according  to  McKendrick,  as 


mm  I 


i 


Work  of  heart  per  diem 
Work  of  re8f )i  rat<>r)'  muficle 
Eight  hours'  active  work 


Metre- 

kllo^ammeB. 

88,000 

14.000 

218,344 


Ajnomit  of  heat  producpd  in  24  hours 


315,384  or 
1,582.700  or 


Gruniziie- 
G&lorles. 


748,000 
!,  724,000 


1,898,034  or       4,467,000 


Bo  th&t  <  467  kilogramme  calories  represent  the  total  energy  mauifeeted  in 
llomB^  8  of  which  were  employed  in  raechaoical  work,  on e- sixth  of  the 
Q  ttiergy  being  work,  Tfaie  eetiniation  considerably  exceeds  those  of  others, 
,  ihe  most  general  view  is  that  the  total  energy  exhibited  in  24  hours  by 
average  aduJt  is  rather  under  tlmn  over  1,000, 000  ki log.  metres. 
Mtinir  the  diet-scale  aa  given  above  (modified  from  Moleschott),  we  may 
lu^w  this  supplies  the  energy  which  is  giveti  out,  remembering  that  1  grm. 
leid  =  5,000  to  5.500  calories;  minus  the  value  of  i  grm.  urea  =  700  or  800 
wies.  =  say  4,  iSOO ;  1  grm-  fat  =  &,  000  calories  ;  and  1  grm.  carbohydrate  = 
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lao  grms.  Proteid  at  4,000  per  grm.  «=      544,500 

90     ^       Fat  at  9,000  per  grm.  =      810,000 

880     *"       Carbohydrate  at  4000  per  grm.    =  1,890,000 

8,604,600 

Or  roughly,  2,094  kilog.  calorieB,  equivatot  to  1»  144,960  metre-kilogni 
of  energy.  This  shows,  although  the  calculation  is  only  rotigh,  that  the 
wliich  from  other  reasons  was  considered  to  be  correct  cootains  the  pot 
energy  to  set  free  ohe  million  metre-kilogrammes  of  kinetio  eneigy,  m 
leave  a  fair  mai^in  for  errors  of  calculation. 

To  the  foregoing  amounts  of  expenditure  must  be  added  the  < 
unknown  quantity  expended  in  the  various  manifestations  of  nerve-f 
and  in  the  work  of  nutrition  and  growth  (using  these  terms  in  i 
widest  sense).  By  comparing  the  amount  of  energy  which  shool 
produced  in  the  body  from  so  much  food  of  a  given  kind,  with 
which  is  actually  manifested  (as  shown  by  the  various  products  of  ( 
bustion,  in  the  excretions),  attempts  have  been  made,  indeed,  toestii 
by  a  process  of  exclusion,  these  unknown  quantities;  but  all  such  a 
lations  must  be  at  present  considered  only  very  doubtfully  approxii 

Sources  of  Error. — Among  the  sources  of  error  in  any  such  cali 
tions  as  the  one  above  given  must  be  reckoned,  as  a  chief  one, 
at  present,  entirely  unknown  extent  to  which  forces  external  to  the 
(mainly  heat)  can  be  utilized  by  the  tissues.  We  are  too  apt  to  i 
that  the  boat  and  light  of  the  sun  are  directly  correlated,  as  far  as  li 
beings  are  concerned,  with  the  chemico-vital  transformations  inv( 
in  the  nutrition  and  growth  of  the  members  of  the  vegetable  world  t 
But  animals,  although  comparatively  independent  of  external  heat 
other  forces,  probably  utilize  them,  to  the  degree  occasion  offers, 
although  the  correlative  manifestation  of  energy  in  the  body,  due  t 
ternal  heat  and  light,  may  still  be  measured  in  so  far  as  it  may 
the  form  of  mechanical  work ;  yet,  in  so  far  as  it  takes  the  form  oi 
penditure  in  nutrition  or  nerve-force,  it  is  evidently  impossible  to  inc 
it  by  any  method  of  estimation  yet  discovered;  and  all  accounts 
must  be  matters  of  the  purest  theory.  These  considerations  may 
to  explain  the  apparent  discrepancy  between  the  amount  of  energy  w 
is  capable  of  being  produced  by  the  usual  daily  amount  of  food, 
that  which  is  actually  manifested  daily  by  the  body;  the  former  lea 
but  a  small  margin  for  anything  beyond  the  maintenance  of  heat, 
mechanical  work. 

It  is  of  much  interest  to  consider  the  way  in  which  protoplasm 
in  converting  food  into  energy  pins  decomposition  products.  It  is  cei 
that  the  substance  itself  does  not  undergo  much  change  in  the  pn 
except  a  slight  amount  of  wear  and  tear.     We  may  assume  that  it  ii 
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praperty  of  protoplaam  to  separate  from  the  blood  the  materials  which 
^U  may  require  to  produce  secretions,  in  the  case  of  the  protoplasm  of 
Breting  glands,  or  to  enable  it  to  evolve  heat  and  energy  as  in  the 
of  the  protoplasm  of  muacle.     The  properties  of  the  protoplasm  are 
possibly  differently  developed  in  each  case,  and  the  decomposition 
pr^xiacts,  too,  may  be  different  in  quality  or  qnantity.     Proteid  materials 
ippe;ir  to  be  specially  needed,  as  is  shown  by  the  invariable  presence  of 
urea  in  the  urine  even  during  starvation;  and  as  in  the  latter  case  there 
has  been  no  foml  from  which  these  materials  could  have  been  derived, 
the  urea  is  considered  to  be  derived  from  the  disintegration  of  the  nitro- 
pQons  tissues  themselves.     Which,  if  not  all,  of  the  three  varieties  of 
proteid  of   the  blood,  viz.,  serum-alburain,  serum-globulin,  and  fibrino- 
pB,  is  necessary  for   muscular    metalxjlism   is  not  certainly  known, 
opinion  appears  to  incline  toward  the  first  as  the  most  important     The 
Itjuoval  of  all  fat  from  the  body  in  a  starvation  period,  as  the  first  appar- 
fflit  change,  would  lead   to  tlie  supposition  that  fat  is  also  a  specially 
nei^essary  pabulum  for  the  production  of  protoplasmic  energy;  and  the 
hat,  as  mentioned  above,  with   a  diet  of  lean  meat  an  enormous 
.       .nt  api>earg  to  be  recjuired,  suggests  that  in  that  case  protoplasm 
"!  Tit  118  the  fat  it  needs  from  the  proteid  food,  which  process  must  he 
idently  a  source   of   much   waste  of   nitrogen.      The  fat   which    is 
sited  in  the  tissues  hai  for  its  origin,  as  we  have  before  remarked, 
I  great  part  carljohydrato  food,  and  is  looked  upon  as  a  store  of  carbo- 
[)a8  material;  it  has  been  suggested  that  as  it  leaves  the  tissue  to  be 
up,  it   is  reconverted    into  a  carbohydrate,  viz.,  dextrose.      Salts 
!  appear  to  be  absolutely  essential  for  protoplasmic  life.     The  idea  that 
^  jiroteid  food  hits  two  destinations  in  the  economy,  viz.,  to  form  organ  or 
[Hlffiae  proteid  which  builds  up  organs  and  tissues,  and  circulating  pro- 
id,  from  which  the  organs  and  tissues  derive  the  materials  of  their 
cretions  or  for  producing  their  energy,  is  a  convenient  one,  but  cannot 
►  Buid  to  rest  upon  any  very  certain  facts.     Except  in  the  possible  case 
'the  appearance  of  leucin  and  tyrosin  in  pancreatic  digestion,  already 
ally  discussed,  it  must  not  be  looked  upon  as  more  than  a  convenient 
ijpothesi& 

One  question  which  has  been  little  considered  by  physiologists,  is 
rhat  relationship,  if  any,  there  is  between  each  tissue  and  the  waste  pro- 
;ta  of  other  tissues,  or  perhaps  it  should  be  said,  the  products  of  the 
aboliam  of  other  tissues.  It  is  not  known  whether,  as  the  result  of 
katabolisro  of  one  tissue,  products,  proteid  or  otherwise,  are  not 
m  up  by  the  blood  and  carried  to  other  tissues,  supplying  exactly 
t  is  maceesary  for  their  complete  anabol ism;  wlicther,  for  example, 
oteid  if»idue  does  not  arise  from  the  metnbolism  <^^  muscle  which 
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may  be  used  further  by  glands.  One  step,  at  all  erenta,  in  tbia  direction 
lias  been  taken ;  it  has  been  suggested  that  the  sarco-lactic  acid  contin* 
ually  produced  by  muscle  is  carried  to  the  liver,  either  to  be  converted 
itself  into  glycogen,  or  by  its  influence  on  the  hepatio  cells  to  cause  then 
to  store  up  that  substance. 


GHAPTEE  XII. 

ANIMAL   HEAT, 

of  the  moat  important  results  of  the  metabolism  of  the  tisaiiea  ia 
production  of  ihe  heat  of  the  body.  It  is  hj  this  means  that  the 
ily  temperature  is  raised  to  such  a  point  as  to  make  life  possible. 
nan  and  in  such  animals  as  are  called  warm-blooded,  including  only 
nmals  and  birds,  it  is  found  on  the  one  hand,  that  tliere  is  an  aver- 
temperature  which  is  maintained  with  only  slight  variationa  in  spite 
bauges  in  their  environment,  and  on  the  other  hand,  that  the  pos- 
i  Tariations  above  and  below  this  average  are  comparatively  slight, 
nnst  not  be  thought,  however,  that  the  average  temperature  in  all 
xmals  and  birds  is  the  same;  for  example,  as  we  shall  see,  the  average 
perature  of  man  is  just  37°  C.  (98. G^  F,),  in  some  birds  it  is  as  high 
4''C.    (lll^'F.),  whereas  in  the  woif  it  is  said  to  be  under  36"*  0 

rhe  average  temperature  of  the  human  body  in  those  internal  parts 
jh  are  most  easily  accessible,  as  the  mouth  and  rectum,  is  from  30.9* 
4*"  C.  (98. 5"*  to  99.5°  R).  In  dilTerent  parts  of  t!ie external  surface 
he  human  body  the  temperature  varies  only  to  the  extent  of  one  or 

degrees  (C,)^  when  all  are  alike  protected  from  cooling  influencea; 
the  difference  which  under  tlieseeireiimstances  exists,  depends  chiefly 
1  the  different  degrees  of  blood -supply.  In  the  axilla— the  most 
'enient  situation,  under  ordinary  circumstances,  for  examination  by 
themiometer— the  average  temperature  is  30.9"  C.  (98.6"*  F.).  In 
irent  internal  parts,  the  variation  is  one  or  two  degrees;  those  parts 
organs  bein.£f  warmest  which  contain  most  blood,  and  in  which  there 
ra  the  greatest  amount  of  chemical  change,  e.^,,  the  mnscles  and 
glands;  and  the  temperature  is  highest,  when  they  are  in  a  condi- 

of  activity:  while  those  tissues  which,  subserving  only  a  mechanical 
;tion,  are  the  seat  of  least  active  circulation  and  chemical  change, 
Lbe  coolest.  These  differences  of  tem]>erature,  however^  are  actually 
ilight,  on  account  of  the  provisions  which  exist  for  maintaining 
Djrnity  of  temperature  in  different  parts. 

^eumstanees  catmng  Vari^jtiotis  in  Tt*mperature. — The  chief  circumstances 

'hich  the  temperature  of  a  healthy  H«:«dy  is  influenced  are  tbft  follow  log  :— 

g^, Th*"  average  temperature  of  th(»  new- bom  child  is  only  tibout  half  a 

^  C.    (1^  F.)  above  that  of  the  adult;  aad  the  tiiftereac©  becomee*  etill 
19  U9 
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more  trifling  during  infancy  and  early  cliildhood.  The  temperature  falls 
the  extent  of  about  .2"  C.  (.5'  F.)  from  early  infancy  to  puberty,  and  I 
about  tlie  same  amount  from  puberty  to  fifty  or  sixty  years  of  age.  In  old  ^ 
the  temperature  again  rises,  and  approaches  that  of  infancy. 

Sex. — ^The  average  temperature  of  the  female  is  slightly  higher  than  thatc 
the  male. 

Period  of  the  Day.  — Tlie  temperature  undergoes  a  gradual  alteration,  to  th 
extent  of  about  .54°-.  8"  C.  (T  to  LS*  F.)  in  the  course  of  the  day  and  niglit 
the  miniinum  being  at  night  or  in  the  early  morning,  the  maximum  late  inth 
afternoon. 

Exercise. — Active  exercise  raises  the  temperature  of  the  body  from  .54M.fl8^ 
C.  (r  to  2°  R). 

Climate  and  Sea^ton. — TIio  t4>mperature  of  the  human  body  is  practically  di 
same  in  temperate  mi  in  tropical  (climates.  In  summer  the  temperature  of  tt| 
body  is  a  little  higher  than  in  winter;  tlie  difference  amounting  to  about  I 
fifth  of  a  degree  C.  j 

Food  and  Drink.  —The  effect  of  a  meal  upon  the  temperature  of  a  body  islM|| 
small.     A    very   slight   rise    usually  occurs.      Cold  alcoholic    drinks  sligMdj 
depress  the  temperature  about  half  a  degree  C.     Warm  alcoholic  drickSr 
well  as  warm  tea  and  coffee,  raise  the  temperature  about  a  third  of  a  degree 

Disease. — In  disease  the  temperature  of  the  body  deviates  from  the 
standard  to  a  greater  extent  than  would  be  anticipated  from  the  slight 
of  external  conditions  during  health.  Thus,  in  some  disease,  as  pnei 
and  typhus,  it  occasionally  rist»a  as  high  as  4r-41.6°  C.  (106**  or  107*  F.), 
considerably  higher  temperatures  have  be^en  noted.  In  Asiatic  cholera,  on  thj 
other  hand,  a  thermometer  i)laoed  in  the  mouth  may  sometimes  rise  only  tl 
26**-26.2''  C.   (77^  or  7r  F.). 

The  temperature  maintained  by  Mammalia  in  an  active  state  of  life,  acooid- 
ing  to  the  tables  of  Tiedeniaun  and  Rudolphi,    averages  88.3'  C.    (101*  F.), 
The  extremes  recordo<l  by  them  were  34.6'  C.  (96"  F.)  and  41"  C.   (106*  F.),  tih^ 
former  in  the  narwhal,  the  latter  in  a  bat  (Vespertilio  pipistrella) .     In  Bii 
the  average  is  as  liigh  as  41.2"^  C.   (107'  F.)  ;  tlie  highest  temperature,  46.8' 
(111.25"  F.)  being  in  the  small  sjiecies,  the  linnets,  etc.     Among  Reptiles, 
the  medium  they  were  in  was  23.0'  C.   (75'  F.)  their  average  temperature 
81.2°  C.   (82.5^  F.).     As  a  general  rule,  their  temperature,  though  it  falls 
that  of  the  surrounding  medium,  is,  in  temperate  media,  two  or  more  dL„ 
higher ;  and  though   it  ri.ses  also  with  that  of  the  medium,  yet  at  very  hifl 
degrees  it  ceases  to  do  so,  and  remains  even  lower  than  that  of  the  medim 
Fish  and  invertebrata  present,  as  a  geneml  rule,  the  same  temperature  as 
medium  in  which  they  live,  whether  that  be  high  or  low ;  only  among  fish, 
tunny  tribe,  with  strong  hearts  and  red  meat- like  muscles,    and  more  blofl 
than  the  average  of  fish  have,  ani  generally  3. 8^  C.  (7^*  F. )  warmer  than 
water  around  them. 

The  difference,  therefore,  between  what  are  commonly  called  tlie  warm 
the  cold-blooded  animals,  or  homoiotherrnal  {ofioioc,  like,  Ofp/jr^,  heat)  and  potttH 
thermal  (ttomc/Xoc,  changeful,  Ofp/i?/.  heat),  is  not  one  of  absolutely  higher  or  1( 
temperature;  for  the  animals  which  to  ua  in  a  temperate  climate  feel  cold  (h 
ing  like  the  air  or  water,  colder  than  the  surface  of  our  bodies),  would  in 
external  temperature  of  37.8  C.  (KM)'  F.)  have  nearly  the  same  temperatfl 
and  feel  hot  to  us.  Tlie  real  difTorcnce  is  that  warm-bUxxled  animals  haft 
certain  permanent  heat  in  all  atmospheres,  while  the  temperature  of  od 
blooded  animals  is  variable  with  every  atmosphere. 
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The  Production  ok  the  Body  Heat, 

Tlie  heat  which  is  produced  in  the  body  arises  from  the  metabolio 
inges  of  the  tissues,  the  chief  part  of  which  are  of  the  nature  of  oxida- 
m,  since  it  may  be  supposed  that  the  oxygcu  of  the  atmosphere  taken 
to  the  system  is  ttUimatdy  combined  with  carbon  and  hydrogen,  and 
icharged  from  the  body  as  carbonic  acid  and  water.  Any  changeB> 
deed,  which  occur  in  the  protoplasm  of  the  tissues,  resulting  in  an 
bibition  of  their  function,  are  attended  by  the  evolution  of  heat  and 
le  formation  of  carbonic  acid  and  water.  The  more  active  the 
iMigea  the  greater  is  the  heat  produced  and  the  greater  m  the  amount 
'the  carbonic  acid  and  water  formed.  But  in  order  that  the  proto- 
ftsm  may  perform  its  function,  the  wiiste  of  its  own  tissue  (destructive 
etabolism),  must  be  repaired  by  the  duo  supply  of  food  material  to  be 
lilt  up  in  some  way  into  the  protoplasmic  molecule.  For  the 
tiduetion    of    heat,   therefore,  food    is    necessary.     In    the    tissues; 

we    have  several   times    remarked,   two   processes   are   continually 

E'  5  on:  the  building  up  of  the  protoplasm  from  the  food  (constrnctive 
holism)  which  is  not  accompanied  by  the  evolution  of  heat,  possibly 
en  by  its  storing,  and  the  oxidation  of  the  protoplastic  materials 
tulting  in  the  production  of  energy,  by  which  heat  is  set  free  and 
rbonic  acid  and  water  are  evolved. 

It  is  not  necessary  to  assume  that  the  combustion  processes,  indeed, 
)  flfi  simple  as  the  bare  statement  of  the  fact  might  seem  to  indicate; 
i,  we  have  indicated,  in  treating  of  muscuhir  metabolism,  the  process 
lesrs  to  consist  first  of  all  of  building  up  of  the  oxygen  into  the 
lecule.  But  complicated  as  the  various  stages  may  be,  the  ultimate 
idt  is  as  simple  as  in  ordinary  combustion  outside  the  body,  and  the 
iducts  are  the  same. 

This  theory  that  the  maintenance  of  the  temperature  of  the  living 
ly  depends  on  continual  cliemical  change,  chiefly  by  oxidation  of 
lUiostible  materials  in  tlic  tissues,  has  long  been  established  by  the 
nonstration  that  the  quantity  of  carbon  and  hydrogen  as  supplied  as 
A,  which,  in  a  given  time,  unites  in  the  body  with  oxygen,  is  sufficient 
account  for  the  amount  of  heat  generated  in  the  animal  within  the 
Xkt  period:  an  amount  capable  of  maintaining  the  temperature  of  the 
ly  at  from  3G.8°-3.87°  C.  (98Mon^  F.),  notwithstanding  a  large 
I  by  radiation  and  evaporation.  This  estimation  depends  upon  the 
rmical  i^xiora  that  when  a  body  undergoes  a  chemical  change  the 
mmt  of  energy  set  free  is  the  same,  supposing  the  resulting  products 
the  same,  whether  the  change  takes  place  suddenly  or  gradually.  If 
ertain  number  of  grammes  of  dilTerent  substances  are  introduced  as 
d,  and  if  they  undergo  complete  oxidation,  the  amount  of  kinetic 
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energy  as  shown  in  the  amount  of  heat,  and  mechanical  work,  is  1 
same  if  the  same  bodies  are  completely  oxidized  outside  the  body; 
that  if  1  gramme  of  fat  be  taken  into  the  body  and  the  oxidati 
completely  oxidized,  resulting  in  the  production  of  a  definite  amoo 
of  carbon  dioxide  and  water,  it  may  be  supposed  to  have  produced  t 
same  amount  of  heat  as  it  would  have  produced  outside  the  body, 
the  caseof  proteidfooditis  a  little  different,  since  it  is  never  complete 
oxidized  within  the  body,  but  may  be  supposed  to  give  rise  to  a  defini 
amount  of  urea,  not  a  completely  oxidized  body.  In  this  case  tl 
gramme  of  proteid  may  be  considered  to  perform  the  same  amount  • 
heat  as  the  proteid  would  outside  the  body  minus  the  amount  whi( 
would  be  obtained  from  the  complete  oxidation  of  the  resulting  urea. 

The  actual  amount  of  heat  produced  per  diem  has  been  experimentil 
ascertained  in  the  case  of  small  animals  by  tJie  aid  of  an  apparati 
called  a  Calorimeter.  The  animal  is  inclosed  in  a  metal  box  coo 
pletely  contained  in  a  second  box  containing  water,  and  air  is  led  inl 
and  out  of  the  inner  box  by  means  of  metal  tubes;  the  one  through  whi( 
the  air  is  led  out  of  the  chamber  has  several  coils  in  it.  The  heatgivi 
put  by  the  animal  warms  the  water  in  the  outside  box,  and  mtyl 
estimated  by  the  rise  of  its  temperature,  the  amount  of  which  is  knowi 

The  amount  of  heat  produced  and  of  energy  in  the  form  of  mechanic 
work  set  free  in  a  given  time  arise  from  the  oxidation  of  the  substano 
token  in  as  food  in  so  far  i\s  they  arc  oxidized.  In  order  that  there nu 
be  correct  data  to  assist  in  tlio  consideration  of  the  subject,  the  amooi 
of  heat  evolved  by  the  oxidation  of  various  food-stuffs  has  been  carefnl 
measured.  The  results  may  bo  set  down  in  terms  of  gramme-cdlm 
(Ca),  a  calorie  being  the  heat  unit,  and  meaning  the  amount  of  he 
required  to  raise  1  granimo  of  water  1  degree  C,  or,  more  strictly,  fro 
15°  C.  to  IC^  C*  The  number  of  gramme-calories  which  1  gramn 
of  the  following  substances  equals  will  be  seen  in  the  annexed  table. 

Hydrogen     .     1^50        Fat  .     9000        Urea  .  2300 

Carbon    .     .     8100        Carl)<)hydrate    4000 

Proteid  .     5000^5500 

1  gramme  of  proteid  giving  rise  to  i  gramme  of  urea. 

The  relation  between  the  income  and  expenditure  of  the  body  bi 
been  already  considered  in  detail  in  the  preceding  chapter.  We  ntfj 
now  turn  to  the  question  of  the  chief  heat-producing  tissues. 

Heat-producing  Tissues. — (1.)  The  MuscU^, — As  the  musdi 
form  so  large  a  part  of  the  body,  and  as  in  them  metabolism  is  particuMj 
active,  it  is  only  reasonable  to  consider  the  muscular  as  the  chief  li€tl 

*  Sometimes  the  term  kilogramme- calorie   is  used  ;  one  kilogramme-cakR| 
being  equal  to  1000  gramme- calories.  \ 
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Dcitig  tiBfiue.     It  will  shortly  be  pointed  out  that  the  manifesta- 

of  muscular  energy  ia  always  accompanied  by  the  evolution  of  heat 

nd  the   production   of  carbon  dioxide.     This  prodnction  of    carbon 

ioxide  goes  on  while  the  muscles  are  at  rest,  only  in  a  less  degrt^e  to 

t  which  is  noticed  during  muscular  activity,  and  so  it  is  certain  that 

active  metabolism    is  going  on  in  resting  aa  well  as  in   contracting 

latcles.     This  metabolism  is  a  source  of  much  beat,  and  so  the  total 

lount  of  heiit  produced  in  the  muscular  tissues  per  diem  must  he  very 

It  has  1>ecn  calculated  that,  even  neglecting  the  heat  produced 

the  quiet  metabolism  of  muscular  tissue,  the  amount  of  hcut  gener* 

ite^l  by  muscular  activity  w^oiild  supply  the  principal  part  of  the  total 

leat  produced  within  the  body.      (2.)  The  Scrreiinfj  ghtmh^  and  prin- 

ipdly  the  liver,  as  being  the  largest  and  most  active,  come  next  to  the 

apclos  aa  heat-producing  tissue.     It  has  been  found  by  experiment  that 

blood  leaving  the  glands  is  eonsidenibly  warmer  than  that  entering 

lem.     The  metabolism  in  the  glands  is  very  active,  and,  as  we  have 

D^  the  more  active  ttie  metabolism  the  greater  the  heat  produced. 

)  The  Brain;  the  venous  blooil  has  a  higher  temperature  thim  the 

lerial.     It  nnist  be  remembered,  however,  that  although  the  organs 

€  mentioned   are  the  chief  heat-producing  parts  of  the  body*  all 

tfog  tissues  contribute  their  quota,  and  this  in  direct  proportion  to 

lir  activity.     The   blood  itself  is  also  the  scat  of   metabolism,   and, 

^Hfore,  of  the  production  of  heat;  but  the  share  which   it  takes  in 

BTrespect,  apart  from  the  tissues  in  ivbich  it  circulates,  is  very  ineon- 

able-     There  are  two  other  means  by  which  the  heat  produced  by 

Itabolism  of  the  tissues  is  a<lded  to  in  slight  degree,  viz.,  by  friction, 

,  in  the  movements  of  muscles,  in  the  circulation  of  hloo<],  and  else- 

This  contributes  a  slight  but  undetermined  amount  of  heat, 

by  the  taking  in  of  warm  foods,  solid  or  liquid,  a  further  small 

lount  of  heat  is  at  the  same  time  acquired. 

Beoulation   of  the  Temperature  of  the  Human   Body. 

The  average  temperature  of  the  body  is  maintained  under  different 

iditiona  of  external  circumstances  by  mechanisms  which  permit  of 

fariation  in  the  loss  of  heat,  and  (2)  variations  in  the  production  of 

In  healthy  warm-blooded  animals  the  loss  and  gain  of  heat  are  so 

irly  balanced  one  by  the  other  that,  under  all  ordinary  circumstances, 

uniform  temperature,  within  a  degree  or  two,  is  preserved. 

Variation  in  the  Loss  of  Heat.— The  los^  of  heat  from  the  human 

r  15  principally  regulated  by  the  amount  given  off  (1)  by  radiation 

icondaction  from  its  surface,  and  by  means  of  the  (2)  constant  evapo- 

of  water  from  the  same  part,  heat  being  thus  rendered  latent,  and 
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to  a  much  less  degree  (3)  from  the  air-passages;  in  each  act  of  respin 
tion,  heat  is  lost  to  a  greater  or  less  extent  according  to  the  temperatoi 
of  the  atmosphere;  unless  indeed  the  temperature  of  the  aurroandii^ 
air  exceed  that  of  the  hlood.  We  must  remember  too  that  (4)  all  fooi 
and  drink  which  enter  the  body  at  a  lower  temperature  than  itself  sb 
stract  a  small  measure  of  heat;  (5)  while  the  urine  and  faeces  whidl 
leave  the  body  at  about  its  own  temperature  are  also  means  by  which  i 
small  amount  is  lost. 

(a.)  Frojn  the  Surface  of  ths  Body. — By  far  the  most  important  loa 
of  heat  from  the  body, — probably  90  per  cent  and  upward  of  the  wboh 
amount,  is  that  which  takes  place  by  radiation,  conduction,  and  e?apoiKi 
tion  from  the  skin.     The  actual  figures  are  as  follows:-— of  100  caloM 
of  heat  produced,  2.6  are  lost  in  heating  food  and  drink;  2.6  in  hettitf 
air  inspired;  14.7  in  evaporation ;  andbO.l  by  radiation  andconducttoi 
The  means  by  which  the  skin  is  able  to  act  as  one  of  the  most  impol 
tant  organs  for  regulating  the  temperature  of  the  blood,  are — (1),  till 
it  offers  a  large  surface  for  radiation,  conduction,  and  evaporation;  (!} 
that  it  contains  a  large  amount  of  blood;  (3),  that  the  quantiiy 
blood  contained  in  it  is  the  greater  under  those  circumstances  whifl 
demand  a  loss  of  heat  from  the  body,  and  vice  versa.     For  the  circnfl 
stance  which  directly  determines  the  quantity  of  blood  in  the  skin,- 
that  which  governs  the  supply  of  blood  to  all  the  tissues  and  orgsoB 
the  body,  namely,  the  power  of  the  vaso-motor  nerves  to  cause  a  grwil 
or  less  tension  of  the  muscular  element  in  the  walls  of  the  arteries,  an 
in  correspondence  with  this,  a  lessening  or  increase  of  the  caUbre 
the  vessel,  accompanied  by  a  less  or  greater  current  of  blood.     A 
or  hot  atmosphere  so  acts  on  the  nerve  fibres  of  the  skin,  as  to 
them  to  cause  in  turn  a  relaxation  of  the  muscular  fibre  of  the  blooi 
vessels;  and,  as  a  result,  the  skin  becomes  full-blooded,  hot,  and 
ing;  and  much  heat  is  lost.     With  a  low  temperature,  on  theoth 
hand,  the  blood-vessels  shrink,  and  in  accordance  with  the  conseqa< 
diminished  blood-supply,  the  skin  becomes  pale,  and  cold,  and  dry; 
no  doubt  a  similar  effect  may  be  produced  through  the  vaso-motor 
tre  in  the  medulla  and  spinal  cord.     Thus,  by  means  of  a  self-regnlatii 
apparatus,  the  skin  becomes  the  most  important  of  the  means  by  irhk 
the  temperature  of  the  body  is  regulated. 

In  connection  with  loss  of  heat  by  the  skin,  reference  has  been 
to  that  which  occurs  both  by  radiation  and  conduction,  and  by  e^ 
tion ;  and  the  subject  of  animal  heat  has  been  considered  almost 
with  regard  to  the  ordinary  case  of  man  living  in  a  medium  colder 
his  body,  and  therefore  losing  heat  in  all  the  ways  mentioned, 
importance  of  the  means  however,  adopted,  so  to  speak,  by  the  skin 
regulating  the  temperature  of  the  body,  will  depend  on  the  conditi 


ANIMAL  HEAT. 


455 


tj  which  it  ifl  surrounded;  uii  inverse  proportion  existing  in  most  cases 
tetwcen  a  loss  by  radiation  and  conduction  on  the  one  hand,  and  hy 
hr^x>ration  on  tlie  other.  Indeed,  the  small  loss  of  heat  hy  evaporation 
I  cold  climates  may  go  far  to  compensato  for  the  greater  los^  by  radia- 
ion:  as,  on  the  other  hand,  the  great  amount  of  fluid  evaporated  in 
lot  air  may  remove  nearly  as  much  heat  ns  is  commonly  lost  by  both 
ladiation  and  evaporation  together  in  ordinary  temperatures;  and  thus, 
it  is  poesible.  that  the  quantities  of  heat  required  for  the  maintenance  of 
uniform  proper  temperature  in  various  climates  and  se^asons  are  not 
different  as  they,  at  iirst  sight,  seem. 

ly  examples  may  Ix^  given  of  the  power  which  the  bod^  possesses  of  resist- 
the  effects  of  a  high  temperature,  in  virttio  of  evaiK>raticm  from  the  akin, 
and  othiTSi  Hiipport^-d  a  tt'mjicratiire  varying  between  92-100"  C. 
'-^13'  F. )  ill  dr\'  air  ftjr  sevei-al  minuter  ;  and  in  a  subsei[«ent  experiment 
remained  eight  minutes  in  a  t^emj^eratiire  of  126,0'  C,  (2(W  F.).  *^Tli6 
irorknj.'Q  of  Sir  F*  Gliantrey  were  aecustome*!  t^>  enter  a  fnmace,  in  which 
y*  moulds  were  dried,  while  the  floor  %vaH  red -hot.  and  a  thermometer  in  the 
Irstotjd  at  177.8'  C.  (350'  F.),  and  Chalx'rt,  the  lire  kinj:;,  waa  in  the  habit  of 
itering  an  oven,  the  temperature  of  which  was  from  2n5'^315'  C.  (lOO^-SOO" 
|."     (Carpenter.) 

But  such  heats  are  not  tolerable  when  the  air  iij  moit^t  as  well  as  hot,  so 
to  present  evaporation  from  the  hotly.  C  James  states,  that  in  the  vapor 
thai  of  Nero  he  wiis  almost  suffcK^ated  in  a  temiH^mture  of  44,5"  C.  (112'  F.) , 
rJiile  in  the  eaves  of  Testaceio,  in  which  the  air  18  dry,  he  was  but  little 
ieaiiim«>ded  by  a  temjjeratnre  of  80 ■  C\  {\W  ¥.).  In  the  former,  evaporation 
the  skin  was  imiKissible ;  in  the  latter  it  was  abundant,  and  the  layer 
rapor  which  would  rise  from  all  tln:*  surface  of  the  body  woidd,  by  its  very 
ly  I -oud acting  power,  defend  it  for  a  time  from  the  fwll  action  of  the  ex- 
nial  heat. 

We  are  able  hy  suitable  clothing  to  increase  or  to  diminish  the  amount 
li€at  lost  by  the  skin* 

The  ways  by  which  tho  skin  may  bo  rendered  more  eflicienfc  as  a  cool- 
5*apparatus  too,  by  exposure,  by  baths,  and  by  other  means  which 
la  instinctively  ailopts  for  lowering  his  temperature  when  ncceBsary, 
s  too  well  known  to  need  more  than  passing  mention, 

loagh  under  any  ordinary  cireumstanees   the  external   applieation   f*f 
only  temporarily  depresses  the  temperature  to  a  slight  extent,  it  is  othci 
in  cai$es  of  high  temiKiraUire  in  ft^fver.     In  these  ease^  a  tepid  bath  m!;y 

the  temperature  several  degrees,    and  the  effect  so  produced  hist  in 
'  'V  many  hours. 

^,v;   r  f'nii  the  Lungs, — A^  a  means  for  lowering  the  temperature,  tho 

>  and  air-passjtges  are  very  inferior  to  the  tskin;  although,  by  giving 

;  to  the  air  we  breathe,  they  stand  next  to  the  skin  in  importance. 

'regulating  power,  the  inferiority  is  still  more  marked.     The  air 

is  expelled  from  the  lungs  leaves  the  body  at  about  tho  tempera^ 
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tare  of  the  blood,  and  is  always  saturated  with  moisture.  No  inn 
proportion,  therefore,  exists,  as  in  the  case  of  the  skin,  between  the 
of  heat  by  radiation  and  conduction  on  the  one  hand,  and  by  evapoTBt 
on  the  other.  The  colder  the  air,  for  example,  the  greater  will  be 
loss  in  all  ways.  Neither  is  the  quantity  of  blood  which  is  exposet 
the  cooling  influence  of  the  air  diminished  or  increased,  so  hi  i 
known,  in  accordance  with  any  need  in  relation  to  temperature.  ] 
true  that  by  varying  the  number  and  depth  of  the  respirations, 
quantity  of  heat  given  off  by  the  lungs  may  be  made,  to  some  exti 
to  vary  also.  But  the  respiratory  passages,  while  they  must  be  considc 
important  means  by  which  heat  is  lost,  are  altogether  subordinate 
the  power  of  regulating  the  temperature,  to  the  skin. 

(c)  By  Warming  Cold  Foods, — This  is  an  obvious  method  of  expa 
ture  of  heat  which  may  be  resorted  to,  but  the  loss  of  heat  by  theexc 
discharged  from  the  body  at  a  high  temperature,  must  be  of  little  us 
a  means  of  regulating  the  temperature,  since  the  amount  so  lost  mns 
capable  of  little  variation. 

Variation  in  the  Production  of  Heat.— It  may  seem  to  have  I 
assumed,  in  the  foregoing  pages,  that  the  only  regulating  apparatus 
temperature  required  by  the  human  body  is  one  that  shall,  more  or  I 
produce  a  cooling  effect;  and  as  if  the  amount  of  heat  produced i 
always,  therefore,  in  excess  of  that  which  is  required.  Such  an  assn: 
tion  would  be  incorrect.  We  have  the  power  of  regulating  the  proc 
tion  of  heat,  as  well  as  its  loss. 

The  regulation  of  the  production  of  heat  in  the  body  is  apparei 
different  for  each  animal,  as  the  absolute  amount  of  heat  set  iven 
different  animals  in  a  given  period  varies;  in  one  the  production  of  1 
exceeds  that  in  another.  It  is  even  said  that  each  individual  has 
own  coefficient  of  heat  production.  From  all  that  has  been  said  on 
subject  it  will  bo  seen  that  the  amount  of  heat  for  all  practical  purp 
depends  upon  the  metabolism  of  tlie  tissues  of  the  body,  everyth 
therefore  which  increases  that  metabolism  will  increase  the  heat  proc 
tion,  so  therefore  the  absolute  amount  of  heat  produced  by  a  li 
animal,  having  a  larger  amount  of  tissues  in  which  metabolism  ma] 
on,  will  be,  cmteris  paribus^  greater  than  that  of  a  small  animal.  Bu 
course  the  activity  of  the  tissue  change  in  a  small  animal  maybegrei 
than  in  a  large  one,  and  naturally  no  strict  line  can  be  drawn  bet^ 
the  two. 

The  ingestion  of  food  has  been  proved  to  increase  the  metabolisi 
the  tissues,  and  so,  as  one  would  expect,  the  rate  of  heat  productio 
found  by  experiment  upon  the  dog  to  be  increased  after  a  meal, 
in  this  animal  the  heat  production  reaches  its  height  about  6  to  9  hi 
after  a  meal. 
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It  has  also  been  experimentally  ascertained    that  the  rate  of  heat 

'  ppoduction  varies  somewhat  with  the  kind  of  food  taken,  for  example, 

if  sugar  be  added  to  the  meal  of  meat  given  to  the  dog,  the  height  of 

•  Bwiimum  production  k  reached.     It  was  always  said  that  various  nations 

hd  found  by  experience  what  food  was  most  suitable  for  the  climate  in 

fkich  they  lived,  and  that  sn^h  experience  conld  be  trusted  to  regulate 

the  quantity  consumed.     Although  there  have  been  no  very  conclusive 

etperimentsto  prove  this  view,  yet  it  is  a  matter  of  general  observation 

that  in  northern  climates  and  in  colder    seasons  the  quantity  of  food 

tikeu  is  greater  than  in  warmer  climates  or  in  warmer  seasons.     More- 

'  ©rer,  the  kind  of  food  is  different     For  example,  persona  living  in  the 

colder  climates  require  much  fat  in  order  to   produce   the   requisite 

I  amount  of  heat. 

In  exerCiSe,  we  have  an  important  means  of  raising  the  temperature  of 
ar  bodies,  by  it  the  muscular  metabolism  is  increased,  as  is  sliown  by 
I  increased  output  of  carbon  dioxide. 

Influence  of  the  Nervous  System.— The  influence  of  the  nervous 

Iflrgtem  in  modifying  the  production  of  heat  must  be  very  important,  as 

upon  nervous  influence  depends  the  amount  of  the  metabolism  of  the 

les.     The  experiments  and  observations  which  best  illustrate  it  are 

ho60  showing,  tirst,  that  when  the  supply  of  nervous  influence  to  a  part 

I  cut  off,  the  temperature  of  that  part  after  a  time  falls  below  its  ordi- 

r degree;  and,  secondly,  that  when  death  is  caused  by  severe  injury 

0,  or  removal  of,   the  nervous  centres,   the  temperature  of  the  body 

pidly  falls,  even  though  artificial  respiration  be  performed,  the  circu- 

fttion  maintained,  and  to  all  appearance  the  ordinary  chemical  changes 

I  the  body  be  completely  effected.     It  has  been  repeatedly  noticed,  that 

er  division  of  the  nerves  of  a  limb  its  temperature  ultimately  falls; 

nd  this  diminution  of  heat  has  been  remarked  still  more  plainly  in 

i  deprived  of  nervous  influence  by  paralysis. 

With  equal  certainty,  though  less  definitely,  the  influence  of  the 

rotis  system  on  the  production  of  heat  is  shown  in  the  rapid  and 

lentary  increase  of  temperature,  sometimes  general,  at  other  time^ 

local,   whicli  is  observed   in  states  of  nervous  excitement;  in  the 

Deral  increase  of  warmth  of  the  body,  excited  by  passions  of  the  mind; 

I  the  sodden  rush  of  heat  to  the  face,  which  is  not  a  mere  sensation; 

in  the  equaliy  rapid  diminution  of  temperature  in  the  depressing 

Bions*     All  of  these  examples,  however,  are  explicable,  on  the  suppo- 

ion   that  the  nervous  system  alters,  by  its  power  of  controlling  the 

libre  of  the  blood-vessels,  the  quantity  of  blood  supplied  to  a  part. 

Apart,  however,  from  this  vaso-motor  power  of  increasing  the  blood- 

kpplj  to  internal  organs,  and  to  the  tissues  in  general,   h)^  means  of 

iich  it  is  possible  to  increase  their  metabolism  and  so  their  production 

^  heat,  there  is  evidence  to  suppose  that  there  is  another  nervous  appa- 


458  HANDBOOK  OF  PHY8I0L0GT. 

ratns  closely  comparable  to  that  vhich  regulates  the  secretion  of  odifi 
or  of  sweat,  by  means  of  which  the  production  of  heat  in  the  wann* 
blooded  animals  is  increased  or  diminished  as  occasion  requires.  Tlu 
apparatus  probably  consists  of  a  centre  or  centres  which  may  be  refledj 
stimulated,  as  for  example  by  impulses  from  the  skin,  and  which  set 
through  special  nerves  supplied  to  the  various  tissues.  The  evidam 
upon  which  the  existence  of  this  regulating  apparatus  depends  is  the 
marked  effect  in  the  increase  of  the  oxygen  taken  in  by  a  warm-bloodad 
animal  when  exposed  to  cold  and  the  corresponding  increase  in  the  output 
of  carbon  dioxide,  indicating  that  there  is  an  increase  of  the  metabolai! 
and  so  an  increased  production  of  heat,  under  such  circumstances  and' 
not  a  mere  diminution  of  the  amount  of  heat  lost  by  the  skin,  etc.  A  cdd- 
blooded  animal  reacts  very  differently  to  exposure  to  cold ;  instead  of  as  ii 
the  case  of  the  warm-blooded  animal,  increasing  the  metabolism,  cold 
diminishes  the  metabolism  of  its  tissues.  It  appears  clear,  therefonb 
that  in  warm-blooded  animals  there  is  some  extra  apparatus  whidi 
counteracts  the  effects  of  cold  which  in  cold-blooded  animals  canni 
diminished  metabolism.  In  warm-blooded  animals  poisoned  by  urari, 
or  in  which  section  of  the  bulb  has  been  done,  it  has  been  found  that 
this  regulating  apparatus  is  no  longer  in  action,  and  under  such  circnm- 
stances  no  difference  appears  to  exist  between  such  animals  and  tho8B 
which  are  naturally  cold-blooded.  Warmth  increases  their  temperatnit 
and  cold  lowers  it,  and  witli  tliis  there  is  of  course  evidence  of  dirnin- 
islied  metabolism.  The  explanation  of  these  experiments  as  given  If 
modern  physiologists  is  that  in  such  animals  the  connection  which  natii- 
rally  exists  between  the  skin  and  the  muscles  through  the  nervous  cham, 
such  as  a  thermotaxic  nervous  apparatus  might  be  supposed  to  afford,  ■ 
broken  either  at  the  termination  of  the  nerves  in  the  muscles  or  at  thii 
section  point  of  tlie  bulb.  The  position  of  this  hypothetical  centre  isi 
matter  of  some  difference  of  opinion.  It  has  been  demonstrated  thai 
stimulation  of  different  parts  of  the  brain  may,  among  other  symptom^j 
produce  iucreiiscd  metabolism  of  the  tissues  with  increased  output  rf 
carbon  dioxide  and  a  raised  temperature:  the  parts  of  which  this  may  hi 
asserted  are  parts  of  the  corpus  striatum  and  of  the  optic  thalamnii. 
The  exact  situation  of  the  heat  centres,  however,  is  at  present  not  Juiovi 
with  certainty. 

Experimental  observations  such  as  have  been  made  upon  animah 
receive  confirmation  from  the  observations  of  patients  who  suffer  froa 
fever  or  pyrexia ;  in  them  the  temperature  of  the  body  may  be  raised 
several  degrees,  as  we  have  already  pointed  out  (p.  450.)  This  increa« 
of  temperature  might  of  course  be  due  to  diminished  loss  of  heat  from 
the  skin,  but  this  although  in  all  probability  entering  into  its  causatioOi 
is  not  the  only  cause.     The  amount  of  oxygen  taken  in  and  the  amooilti 
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bon  dioxide  given  out  are  both  increased,  and  with  this  there  must 
icreased  metabolism  of  the  tissues,  and  jmrticnhirly  of  the  muscular 
Bince  at  the  same  time  the  amount  of    urea  in  the  urine  is 
Every  one  is  familiar  with  the  rapid  wtisting  which  is  such 
raeteristic  of   high  fever;    it  must  indicate  not  only  too  rapid 
ism  of  the  body,  but  also  insufficient  time  for  the  tissues  to  build 
themselves  np.     In  fever  then  there  may  be  supposed  to  be  some  inter- 
ee  in  the  ordinary  channel  by  which  the  skin  is  able  to  coinmuni- 
to  the  nervous  syst-era  the  necessity  of  an    increased  or  diminished 
iBction  of  lieat  in  the  muscles  and  other  tissues!     In  consequence  of 
,  and   in  spite  of  the  condition  of  heat  of  the  surface  of  the  body, 
production  of  heat  goes  on  at  an  abuormal  rate.     It  is  not  certain 
hat  way  the  centre  acts,  whether  it  is  one  which    keeps  the  meta- 
lism  in  check,  and  when  put  of  gear  it  is  no  longer  able  to  do  this,  or 
er,  on  the  other  hand,  it  is  a  centre  by  means  of  which  the  meta* 
ilism  of  the  tissues  may  be  increased  by  stimuli  proceeding  from  it. 
pulses  from  the  skin  would,  according  to  these  two  possible  modes 
ition,  act  either  in  the  direction  of  increasing  its  inhibitory  action^ 
the  direction  of  increasing  or  of  diminishing  the  different  stimuli 
insing  increased  production. 

Influence  of  Extreme  Heat  and  Cold* — In  connection  with  the 
tegulation  of  animal  temperature,  and  its  maiuteDance  in  health  at  the 
formal  height,  may  be  noted  the  result  of  circumstances  too  powerful, 
tttber  in  raising  or  lowering  the  heat  of  the  body,  to  be  controlled  by  the 
►roper  regulating  apparatus*  Walther  found  that  rabbits  and  dogs  kept 
to  a  hot  sun,  reached  a  temperature  of  40"*  0.  (114.8**  F.),  and 
died.  Cases  of  sunstroke  furnish  us  with  several  examples  in 
case  of  man;  for  it  would  seem  that  here  death  ensues  chiefly  or 

from  elevation  of  the  temperature. 

'he  effect  of  mere  loss  of  bodily  temperature  in  man  is  leas  well  known 

the  effect  of  heat.     From  experiments  by  Walther,  it  appears  that 

ibbits  can  lie  cooled  down  to  8.0"  C.  (48"  F.),  before  they  die,  if  arti- 

respiration  he  kept  up.     Cooled  down  to  17. 8"^  C.  (04*^  F.),  they 

lot  recover  unless  external  warmth   be  applied  together  with   the 

oy n3 en t  of  artifical   respi ration.      Rabbi ta  not  cooled  below  25*^  G* 

L)  reeover  by  external  warmth  alone. 


CHAPTER  Xin. 
EXCRETION. 

We  have  now  considered  the  methods  by  which  the  food  is  digested 
and  prepared  for  absorption,  as  well  as  the  metnods  by  which  the  changed 
materials  reach  the  general  blood-stream,  either  by  means  of  the  lymph* 
atics  of  the  intestinal  wall  or  by  the  capillaries  of  the  portal  circnlation. 
We  have  also  discussed  the  most  difficult  problems  of  physiology,  vis., 
those  concerned  with  the  exact  changes  which  take  plaoe  in  the  tissaei 
and  organs  of  the  body,  when  they  are  supplied  with  the  food  neoessiiy 
for  life.  We  have  mentioned  the  chief  forms  in  which  the  waste  mate- 
rials resulting  from  the  metabolism  of  the  tissues  leave  the  body.  We: 
have  seen  how  carbon  dioxide  and  other  matters  are  eliminated  by  the. 
lungs,  and,  further,  we  have  devoted  some  time  to  the  consideration  of 
the  amount  and  composition  of  the  fsBces.  The  highly  important  funo> 
tion  of  the  kidneys,  in  excreting  the  urine,  and  thus  removing  certain 
waste  materials,  and  the  functions  of  the  skin  remain,  and  it  is  to  tbeiB: 
that  we  must  now  direct  our  attention. 

The  Structure  and  Functions  of  the  Kidnejrs. 

The  kidneys  are  two  in  number,  and  are  situated  deeply  in  the  li 
bar  region  of  the  abdomen  on  either  side  of  the  spinal  column  behi 
the  peritoneum.  They  correspond  in  position  to  the  last  two  dorsal 
two  upper  lumbar  vertebraB;  the  right  being  slightly  below  the  left 
consequence  of  the  position  of  the  liver  on  the  right  side  of  the  al 
men.  They  are  about  4  inches  long,  2^  inches  broad,  and  1^  incl 
thick.     The  weight  of  each  kidney  is  about  4^  oz. 

Structure. — The  kidney  is  covered  by  a  tough  fibrous  capsule, 
is  slightly  attached  by  its  inner  surface  to  the  proper  substance  of  fh 
organ  by  means  of  very  fine  fibres  of  areolar  tissue  and  minute  bloo( 
vessels.  From  the  healthy  kidney,  therefore,  it  may  be  easily  torn 
without  injury  to  the  subjacent  cortical  portion  of  the  organ.  At 
hilus  or  notch  of  the  kidney,  it  becomes  continuous  with  the  extent 
coat  of  the  upper  and  dilated  part  of  the  ureter  (fig.  287). 

On  dividing  the  kidney  into  two  equal  parts  by  a  section 
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omgh  its  long  convex  border  (fig.  287),  the  main  part  of  its  enbstanct) 
[  seen  to  be  composed  of  two  chief  portiong  called  respectively  voriiral 
ad  medullartfy  the  latter  being  also  sometimes  called  pyramidal^  from 
lie  fact  of  its  being  composed  of  aboot  a  dozen  conicdl  bundles  of  urine 
ibes,  each  bundle  forming  what  is  called  a  pyramid.  The  upper  part 
Jef  the  ureter  or  duct  of  the  organ,  is  dilated  into  the  pelvis  ;  and  this, 
lin,  after  separating  into  two  or  three  principal  divisions,  is  finally 
l^obdivided  into  still  smaller  portions,  varying  in  number  from  about  8 
Ito  12,  or  even  more,  and  called  ealifees.  Each  of  these  little  calyces  or 
Ictips^  which  are  often  arranged  in  a  double  row,  receives  the  pointed 


Im 


Ft«J 


Pig. 


Fi^.  iSr.'-PlAii  of  ft  loQ^lfcadin&l  Hectlon  through  the  pelvi»  mid  substance  of  the  rteht  Iddjoey^ 

JO,  ch.«oortJcal  nitotuiofif  6»  b.  broad  peirt  of  the  v>yruuutl5i  of  Malpighi;  r,  c,  tliv  divialons  of  the 

' I  niLixied  CftlToea,  laid  open  ;  c\  one  of  tho^  utM>p«utnl ;  d,  oiuninlt  of  cht?  pjranuiLi  of  pupillee 

*  1^  fnco  calyces  ;  ev  «^  a«ctioD  of  thi^  narrow  part  of  two  pyraniida  oear  the  caJyce*:  p,  pel- 

*  djvkioQS  of  tile  ureter  within  the  kidDty;  u,  the  ureter :  g,  tlit^  slaus;  k,  th«  hUufl, 

' B.  The  epi- 


iorealarged 


L— A,  Portioo  of  a  McreilD^  lubukf  rum  the  eortleal  aubstancti  of  tht»  kidavy. 
for  ^Uzid-oeUa.    x  TOO  time*. 


extremity  or  papilla  of  a  pyramid.     Sometimes,  however,  more  than  one 
^  j»pilla  16  received  by  a  calyx. 

The  kidney  is  a  compound  tubular  gland,  and  both  its  cortical  and 
[ medullary  portions  are  composed  essentially  of  tubes,  the  tuhuU  urini- 
i,  which,  by  one  extremity,  in  the  corlical  portion,  end  commonly  in 
Bttle  saccules  containing  blood-vessels,  called  Malpighian  bodies,  and, 
the  other,  opened  through  the  papillae  into  the  pelvis  of  the  kidney, 
ad  thus  discharge  the  urine  which  flows  through  them. 
In  the  pyramids  the  tubes  are  chiefly  straight^^iividing  and  diverge 
they  ascend  through  these  into  the  cortical  portion;  while  in  the 
Br  region   they  spread   out   more   irregularly,  and   become    much 
ftoched  and  convoluted. 
Tubuli  Uriniferu — The  tubuli  uriniferi  (flg.  288)  are  composed  of 


Fl*.  >BQ>— A  dkLieram  nf  the  sectiotis  of  uriiilf©roiJ«  tubes.    A.  CSortFi  Umt'ied  < 

enpfiiiif*:  u,  Kii^KMi^t^^nhir  layrr  not  L-<iivrainlTi(c  Malpl(?hian  corpuscles;  n',  ioiMr  strMum  ci 
tklmt  witlioiit  Matpi^'hi^n  rapsulKH  :  B.  1iii»undary  layer;  C,  papiUary  part  cert  the  bouzKUr: 
l^  Bi>wTiian'R  CAp-^n]*-  tif  Malpiirhiaii  corjHasK'le;  *i,  tieck  of  capsule;  S,  proximal  coitvolutedt 
Mtirul  uibulP:  5,  ^Ifseemlinic  liinti  of  Hpi3k''»  loop;  6,  the  loop  proper;  7,  thick  part  of  thm  m 
limb  :  K,  molral  p>arr  of  ainMHiiliii^  litith;  Vt,  tianrow  fUK't^ndiiifT  Uiiib  in  the  medullary  t*j:  1 
rE>Kular  tubule;  !l,  thi*  intt'n^ftlftt+x^  ftectlou,  or  the  distal  convoluted  tubule;  12,  thr  <-ur*e< 
lug  tubule;  IS,  th&stral|?^litco|]et!tini;  tiibiilt?  i»f  thtD  medullary  ray  ;  14,  the  coUectiiijt  tnbi 
boundary  layer;  15,  the  laree  colk<ctiiig^  tube  of  tiie  papillary  part  which,  Joining  victi 
tubes,  form*  the  duct    (KMn.) 

to  be  made  up  of  several  distinct  sections  which  differ  from  one  a 
very  markedly,  Ijoth  in  situution  and  structure.     According  to 
the  f oUawing  segmoBts  may  bo  made  out :  (1)  The  Maljfitfhian  i 
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89,  294),  composed  of  a  byalhi©  nienibrana  propria,  thickened 

fing  amount  of  fibrous  tissue,  and  liued  by  flattened  im cleat ed 

i|^tea.     This  Ciipsule  is  the  dilated  extremtly  of  the  urinif- 

ttle,  and  contiiins  within  it  a  glomerulus  of  convoluted  capil- 

od-vessels  supported  by  connective  tissues,  and  covered  by  flat- 

fithelia!  plates.     The  glomerulus  is  connected  with  an  efferent 

lifferent  vessel.     (2)  The  constricted  neck  of  the  capsule  (fig. 

!),  lined  in  a  siniilar  mauuer,  connecta  it  with  (3)  The  Proximal 

M  tubuUy  which  forme  several  distinct  curves  and  is  lined  with 
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I A  Teitloal  flection  throujg^h  the  kid iiey  i3f  a  ttog— the  capmile  of  which  In  ftuppoeeid 
Jit.    tt,  Lht*  cnpillaries  of  the  MalpiKliian  cori'uscle*— vis.,  the  slamemlus,  are  an 
B  J"J>ufwi;  n*  neck  of  oafwiule  ;  i\  cmnvfjlut+^vt  tulMi*  cut  In  v&iioii8  dJrecticiUiS  ;  h.  jrr(?Rular 
^  r.  Aucl/,  are  ntrttiijht  ttjbe«  nioning  toward  cApKyleH  forminfp  &  so-calli^  meduUaru  rau; 
"    i  r,  flptral  tube;  /,  nxurrow  section  of  aaoeDding^  limb,    x  880.    (Kleiii  oJid  Noblo 

olnmnar  cells,  which  vary  somewhat  in  size.  The  tuba  next 
illmoet  vertically  downward,  forming  (4)   The  Spiral  Tuhuli\ 

of  much  the  same  diameter,  and  is  lined  in  the  same  way  as 
foluted  portion.  80  far  the  tube  haa  been  contained  in  the  cortex 
cidney;  it  now  passes  vertically  downward  through  the  most 
jmrt  (boundary  layer)  of  the  Mulpigbian  pyramid  into  the  more 

part  (papillary  layer),  where  it  curves  up  sharply,  forming 
er  the  (5  and  6)  Lonp  of  IknUy  which  is  a  very  narrow  tube 
th  flattened  nucleated  cells.     Passing  vertically  upward  just  as 

reaches  the  boundary  layer  (7),  it  suddenly  enlarges  and  be- 
ied  with  polyhedral  cells.     (8)  About  midway  in  the  boundary 
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layer  the  tube  again  narrowe,  forming  the  ascending  spiral  of  Htnl 
loop,  but  is  still  Hoed  with  polyhedral  cells.     At  the  point  where  the  tul 
enters  the  cortex   (9)  the  ascending  limb  narrows,  but  the 
varies  considerably;  here  and  there  the  cells  are  more  flattened^ 
both  in  this  as  in  (8),  the  cells  are  in  many  places  very  angular,  brancb 
and  imbricated.     It  then  joins  (10)  the  ** irregular  iubuhj*  which  ha8( 
very  irregular  and  angular  outline,  and  is  lined  with  angular  and  imbri 
Gated  cells.     The  tube  next  becomes  convoluted  (11),  forming  the  disU 
convoluied  tube  or  inhrealaied  flection  of  Schwetgger'Seidel,  which 
identical  in  all  respects  with  the  proximal  convoluted  tube  (12  and  n)| 
The  curved  and  straight  collecting  tubes,  the  former  euteriog  the  latt 


^^^c^. 


V-. 


Tig.  Sftl — TmnsTerae  section  ot  an?tiAl  p«pllUi;  a^  Uw  tubes  or  papUlAiT'  duota;  6,  e,  mmS  4,  i 
tubes  of  Henla;  e,  /»  blood  capUlaiieB.  di&Uufful&a&l  by  tbelr  flatter  eplthellufn.    (CeuUaL) 


at  right  angles,  and  the  latter  passing  vertically  downward,  are  Imo 
with  polyhedral,  or  spindle-shaped,  or  flattened,  or  angular  cells.    Th 
straight  collecting  tube  now  enters  the  boundary  layer  (14)  and  pa 
on  to  the  papillary  layer,  and,  joining  with  other  collecting  tubea,  fon 
larger  tubes,  which  finally  open  at  the  apex  of  the  papilla.     These  i 
lecting  tubes  are  lined  with  transparent  nucleated  columnar  or  cab 
cells  (14,  15). 

The  cells  of  the  tubules  with  the  exception  of  Ueule*s  loop  and) 
parts  of  the  collecting  tubules,  are,  as  a  rule,  possessed  of  the  int 
nuclear  as  well  as  of  the  intni-cellular  network  of  fibres,  of  which  \ 
vertical  rods  are  most  conspicuous. 

In  some  places^  it  is  stated  that  a  distinct  membrane  of  flatten 
cells  can  be  made  out  lining  the  lumen  of  the  tubes  (centrotubular  \ 
hrane). 


BXCRETION 


Blood-Vessels. 


•9uppli/, — In  connection  with  the  general  distribution  of  blood- 
the  kidney,  the  M(t/pig,\ian   CorpnM'ks  must  be  further  cou* 
They  (tig.  293)  are  found  only  in  the  cortical  part  of  the  kid- 
ney, and   are  confined  to  the  central 
_^^  part,  which,  however,  makes  up  about 
^1:  ^^^\KCf2-'      seven -eighths  of    the    whole    cortex. 

J  ^^^^Sf(//         ^^  ^  section  of  the  organ,  some  of 

P  '^  ^?xi  V^  them  are  jnst   visible   to  the   naked 

V     \  ""^Hf  ®y^  ^  niinnte  red  points;  others  are 

^  too  small    to    be   thus    seen.     Their 

average  diameter  ia  about  -j4-^  of  an 
inch  (I  nnn.).     Each  of  them  is  com- 
f|     N(^^^  (  \     1J1_      posed,  as  we  have  seen  above,  of  the 
*  -^^ '^■^'''-'"^^    »^         dilated    extremity  of   an  uriuiferoua 

tube,    or   Malpighiau  mpsuiey  which 
encloses  a  tuft  of  blood-vessels. 

The  renal  artery  divides  into  sev- 
eral  branches,  which,  passing  in  at 
the  hi  Ins  of  the  kidney,  and  covered 
by  a  fine  sheath  of  areolar  tissue  de- 
rived from  the  capsule,  enter  the  sub- 
stance of  the  organ  chiefly  in  the  in- 
tervale between  the  papilla?,  and  at  the 
junction  between  the  cortex  and  the 
boundary  layer.  The  main  branches 
then  pass  almost  horision tally,  form- 
ing more  or  less  complete  arches  and 
giving  off  branches  upward  to  the 
cortex  and  dow*uward  to  the  medulla. 
The  former  are  for  the  most  part 
straight;  thev  paas  almost  vertically 
Sj^S^USETrLSL^Ul^;?:  to  tl.e  s..rfac;  of  the  kidney,  giving 
B&S^r.SS^t-^pXf;;.'!;?  oS  laterally  in  all  directions  longer 
^J^^o{r±fc=/^T."a"  anJ  shorter  branches,  which  ulti- 
uJboUTTHo.  (c-itoi )  ^^jjjgjy  g„j,p]y  t,^g  Malpighian  bodies. 

mall  afferent  artery  (figs.  293  and  294)  which  eiitera  the  Malpig- 
puacle,  breaks  np  in  the  interior  as  before  mentioned  into  a 
Qvolutort  and  looped  capillnry  plexus,  which  is  ultimately  gath- 
again  into  several  small  efferent  vessels,  comparable  to  minute 
»ich  leave  the  capsule  at  one  or  more  places  near  the  point  at 
30 


I 

1 


hill  Mit4ii  1  Uil^'i 


tiilmli',  tuMiiinvlmt  iiiiirriiwi*r  iJuil  thi»  tiutl 


The  ve>«itali  whiuh  t^nti^r  IIm*  riHnlulhirv  Iriyrr  bmuk  up  into  niimllor 
^ioli>#»  whioh  [HiMn  thriHiKh  tln'  iKuniiliiry  hiytir»  mnl  priHH^ml  In  ii 
ii|;hi  fouTHt'  lM«twiH»fi  th*^  tuimlrH  of  tin'  iiu|nllury  liiytir»  giving  olT  on 
Ir  wtiy  bniQoheBi,  wliii^li  furm  n  i\tw  urti^rinl  riii^Nliwork  uroiuul  iho 
mnd  ending  in  ii  Miinitur  [tUxuit  from  wliioh  itiu  vonoiiH  nulialc^ii 


Mm  th©  iinull  n/ftrf^Hf  iirtnritM  of  thr^  Mdljiighkn   butlioa,  thtiro 

I  of  coumc^i  tithnrn  whioh  iiro  diHtriiiuU^d  in  lUv  tmWimry  nmiiuor*  ftir 

miritlori  nf  thn  dilTonvrti  pnrU  uf  ihv  or^'un ;  anil  in  tlio  pyrumiiltip 

the  tubf^K,  tbort*  iirt^  iiiinit'iiMtH  litnii^iii  vrHMolK^  tbn  va^ta  rtriitt 

^  of  whioh  Aft'  hnuitdK^N  i»f  mfta  ffft^rt^ntin  fr*ini   M!il(»ighbin  boilieii, 

tharnforo  ooniptirubki  to  tlm  vt^nouM  plexiu  uruunU  the  tubuloi  lu 
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the  cortical  portion,  while  others  arise  directly  as  small  branches  of  tl 
renal  arteries. 

Between  the  tubes,  vessels,  etc.,  which  make  up  the  snbetanoe  < 
the  kidney,  there  exists,  in  small  quantity,  a  fine  matrix  of  areok 
tissue. 

Nerves, — The  nenres  of  the  kidney  are  derived  from  the  renal  pleq 
of  each  side.  This  consists  of  both  medullated  and  non-mednllata 
nerve-fibres,  the  former  of  varying  size,  and  of  nerve-cells.  The  roni 
plexus  is  derived  from  the  solar  plexus,  particularly  from  the  semflmH 
ganglion.  The  renal  plexus  is  thus  indirectly  connected  with  the  vagiaai 
with  the  splanchnic  nerves.  It  is  also  directly  connected  with  them  tj 
fibres  which  pass  to  them  without  first  joining  the  solar  plexus.  Vihti 
from  the  anterior  roots  of  the  eleventh,  twelfth,  and  thirteenth  doni 
nerves  in  the  dog  also  pass  to  the  same  plexus,  either  directly  thnNjg 
the  sympathetic  chain  or  by  first  passing  into  the  solar  plexus.  1 


r  1 


\ 


FIf?.  207.— Epithelium  of  the  bladder;  a^  one  of  the  cells  of  the  flrat  row:  6,  a  cell  of  tiw 
c,  cells  in  aitu,  of  first,  second,  and  deepest  layers.    (OberBtetDer.) 

The  Ureters. — The  duct  of  each  kidney,  or  ureter,  is  a  tube  t 
the  size  of  a  goose-quill,  and  from  twelve  to  sixteen  inches  in  le 
which,  continuous  above  with  the  pelvis  of  the  kidney,  ends  below^ 
perforating  obliquely  the  walls  of  the  bladder,  and  opening  on  its  inti 
nal  surface. 

Structure. — It  is  constructed  of  three  principal  coats  (a)  an  on 
tough,  fibrous  and  elastic  coat;  (b)  a  middle  muscular  coaiyOf  which  1 
fibres  are  unstriped,  and  arranged  in  three  layers — the  fibres  of  the  I 
tral  layer  being  circular,  and  those  of  the  other  two  longitudin 
direction;  and  (r)  an  internal  mucous  lining  continuous  with 
the  pelvis  of  the  kidney  above,  and  of  the  urinary  bladder  below. 
epithelium  of  all  these  parts  (fig.  297)  is  alike  stratified  and  of  a 
what  peculiar  form ;  the  cells  on  the  free  surface  of  the  mucous 
brane  being  usually  spheroidal  or  polyhedral  with  one  or  more  sph 
or  oval  nuclei ;  while  beneath  these  are  pear-shaped  cells,  of  whii&| 
broad  ends  are  directed  toward  the  free  surface,  fitting  in  bene 
cells  of  the  first  row,  and  the  apices  are  prolonged  into  processei  i 


BXO&ETIOH. 

I  lengths,  among  which,  again,  the  deepest  cells  of  the  epithelium 
!oimd  spheroidal,  irregularly  oval,  spindle-shaped  or  conical. 
The  Urinary  Bladder, — The  urinury  bladder,  which  forms  a  re- 
ncle  for  the  temporary  lodgment  of  the  urine  in  the  intervals  of  its 
aldon  from  the  body,  is  more  or  less  pyrif orm,  its  widest  part,  which 
tuate  above  and  behind,  being  termed  the  fundus;  and  the  narrow 
itricted  portion  in  front  and  below,  by  which  it  becomes  continuous 
I  the  urethm,  being  called  its  eerrix  or  neck, 

Sirtidure, — It  is  constructed  of  four  principal  coats —  gerous,  vius- 
(r»  areolar  or  submucous,  and  mucous,  (a,)  The  serous  coat,  which 
ire  only  the  posterior  and  upper  part  of  the  bladder^  has  the  same 
ctnre  as  that  of  the  peritoneum,  with  which  it  is  continuous,  (b) 
\  fibres  of  the  mu^cniar  coat,  which  are  unetripod,  are  arranged  in 
m  principal  layers,  of  which  the  external  and  internal  have  a  general 
;itudinal,  and  the  middle  layer  a  circular  direction.  The  latter  are 
icially  developed  around  the  cervix  of  the  organ,  and  are  described 
>niiiQg  a  spkineier  m\nem.  The  muscular  fibres  of  the  bladder*  like 
e  of  the  stomach,  are  arranged  not  in  simple  circles,  but  in  figure- 
loops.  U)  The  areolar  or  submucous  coat  is  constructed  of  connec- 
tlfisiie  with  a  large  proportion  of  elastic  fibres,  (d)  The  mucouH 
ibrane,  which  is  rugose  in  the  contracted  state  of  the  organ,  does 
differ  in  essential  structure  from  mucous  membranes  in  general. 
jpithelium  is  stratified  and  closely  resembles  that  of  the  pelvis  of  the 
ley  and  the  ureter  (fig,  297). 

The  mucous  membrane  is  provided  with  mucous  glands,  which  are 
e  numerous  near  the  neck  of  the  bladder. 

The  bladder  is  well  provided  wuth  Mood-  and  lymph-vesstls^  and  with 
f€S,  The  latter  are  both  medullated  and  non-medullated  fibres, 
I  branches  from  the  sacral  plexus  (spinal)  and  hypogastric  plexus 
apathetic).  Ganglion-cells  are  found,  here  and  there,  in  the  course 
he  nerve-fibrcB. 

V  The  Urine. 


Physical  Properties*— liefdthy  urine  is  a  perfectly  transparent,  am* 
colored  liquid,  with  a  peculiar,  but  not  disagreeable  odor,  a  bitterish 
By  and  slight  acid  reaction.  Its  specific  gravity  varies  from  1015  to 
J.  On  standing  for  a  short  time,  a  Tittle  mucus  appears  in  it  as  a 
mlent  cloud,  consisHfig  chemically,  it  is  said,  of  uucleo-albumin  and 
mucin. 

Vhemical  Composition. — The  urine  conaista  of  water,  holding  in  solu- 
oertain  organic  and  saline  matters  as  its  ordinary  constituents,  and 
lionally  various  other  matters;  some  of  the  latter  are  indications  of 
laed  statea  of  the  system^  and  others  are  derived  from  unusual  articlea 
lod  ar  drugs  taken  into  the  stomnch. 
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Chemical  CoMFOfimoN  of  the  XJbinx. 

Water 9f7 

Solids- 
Urea      14.280 

Other  nitro^nous  crystalline  bodies— 

Uric  acid,   principally  in  the  fonn  of  alka- 
line Urates,  a  trace  only  free. 
Kreatinin,  Xanthin,  Hypoxathin. 
Hippuric  acid. 

Mucus,  Pigments,  and  Ferments. 
Salts:- 

Inorganic— 

Principally  Sulphates,  Phosphates,  and 
Chlorides  of  Sodium  and  Potassium,  with 
Phosphates  of  Magnesium  and  Calcium, 
traces  of  Silicates  and  Chlorides. 

a  185 
Orffanic — 

Lactates,  Hippuratos,  Oxalates,  Acetates  and 
Formates,  which  only  appear  occasion- 
ally. J         88 

Sugar atnuKsometimeB. 

Oases  (nitrogen  and  carbonic  acid  principally). 

1000 

Reaction. — The  normal  reaction  of  the  urine  is  slightly  acid.  Tki 
acidity  is  due  to  acid  phosphate  of  sodium,  and  is  less  marked  soonifti 
meals.  The  urine  contains  no  appreciable  amount  of  free  acid,  as  i 
gives  no  precipitate  of  sulphur  with  sodium  hyposulphite.  After  stani 
ing  for  some  time  the  acidity  increases  from  a  kind  of  acid  fermentatiM 
due  in  all  probability  to  the  presence  of  mucus  and  fungi,  and  ad 
urates  or  free  uric  acid  is  deposited.  After  a  time,  varying  in  lengt 
according  to  the  temperature,  the  reaction  becomes  strongly  alkalii 
from  the  change  of  urea  into  ammonium  carbonate,  due  to  the  preasni 
of  one  or  more  specific  micro-organisms  {micrococcus  urea).  The  un 
takes  up  two  molecules  of  water — a  strong  ammoniacal  and  fcetid  odi 
appears,  and  deposits  of  triple  phosphates  and  alkaline  urates  take  plae 
This  does  not  occur  unless  the  urine  is  freely  exposed  to  the  Air,  o 
at  least,  until  air  has  had  access  to  it. 

Reaction  of  Urine  in  Different  Classes  of  Animals. — In  most  herbiTorous  aa 
mals  the  urine  is  alkaline  and  turbid.  The  difference  depends  not  oo  tt 
peculiarity  in  the  mode  of  secretion,  but  on  the  difference  in  the  food  on  wUi 
the  two  classes  subsist;  for  when  carnivorous  animals,  such  as  dogs,  area 
stricted  to  a  vegetable  diet,  their  urine  becomes  pale,  turbid,  and  alkaline  10 
that  of  an  herbivorous  animal,  but  resumes  its  former  acidity  on  the  retan) 
an  animal  diet:  while  the  urine  voide<l  by  herbivorous  animals,  e.g.,  nUiil 
fed  for  some  time  excIuHively  upon  animal  substances,  presents  the  acid  nai 
tion  and  other  qualities  of  the  urine  of  Camivora,  its  ordinary  itiv*lii><< 
being  restored  only  on  the  substitution  of  a  vegetable  for  the  animal  dM 
Human  urine  is  not  usually  rendered  alkaline  by  vegetable  diet,  but  it  beooM 
so  after  the  free  use  of  alkaline  medicines,  or  of  the  alkaline  salts  witk  ca 
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r  Tfigetable  acids ;  for  them  latter  are  changed  iBto  aUukllue  carbooAitot 

I  to  elimination  by  tht*  kidnejs* 

I  daily  quantity  of  the  chief  uritiary  constituents  (modified  from  Parkes). 


,  Urea 

'^iatinin    . 
Wdt  Acid 
Htppuric  Acid    . 
Pigment  and  Ejctrac- 

tivfh     . 
SiiJphiiric  Acid  , 
I'bi^phuric  Acid    » 

Aniiiiun  iu 
Puijussium  . 
StNlimii 
Calcium 
Magnesium     * 


Pi 

T  KHo  of 

\m 

\y  wi^iK^'t 

1500 

cc. 

or 

52ioas. 

23 

gm 

88. 180  grms 

" 

512.4  grains. 

.5 

J)10 

M 

u 

14.0 

u 

.0140    ^ 

.r>ri5 

*« 

«4 

H.Wiy 

w 

.00S4    " 

Am 

w 

a 

0.16 

M 

.0060     " 

lu. 

•4 

*i 

ir»4. 

»4 

.1510    ** 

2.013 

** 

** 

mye 

** 

.0480    ** 

8J<H 

l« 

" 

4a.  80 

U 

J>a05    *• 

T.fKM) 

«4 

14 

107.8 

" 

.vzm   ** 

.770 

** 

w 

11.8 

k^ 

2.500 

u 

u 

38.5 

«i 

11J)90 

»t 

u 

170/78 

U 

.200 

M 

** 

4. 

til 

.207 

M 

«< 

a. 

** 

73. 


wmmons  in  the  Quanliiff  of  ifte  Cnnsiiiuen/.s, — From  the  propor- 
i  given  in  the  above  tublo,  most  of  ihe  constituents  are,  even  in 
ih,  liable  to  viiriations.  The  vi^'iations  of  the  water  in  different 
)n8,  and  according  to  tlie  quantity  of  drink  and  exercise,  have  al- 
H^^ii  mentioned.  The  water  of  the  nrinu  ia  also  liable  to  he  inflii- 
Iky  the  condition  of  the  nervous  system,  being  sometimes  greatly 
Kd,  f,y.,  in  hysteria  and  in  some  other  nervous  affections;  and  at 
(ineti  diminitihod.  In  some  diHeusen  it  is  enormously  increased; 
is  increase  nniy  be  eitlier  attended  with  an  augmented  quantity  of 
matter,  us  in  ordinary  diabetes,  or  muy  be  nearly  the  solo  change, 
the  affection  termed  diabetes  insipidus.  In  other  diseases*  6* <;., 
arious  forms  of  ulhuminuria,  the  quiintity  may  bo  considerably 
ydied.  A  febrile  condition  almost  always  diminishes  the  quantity 
lb;  and  a  like  diminution  is  caused  by  any  affection  which  draws 
mrge  quantity  of  fluid  from  the  body  tli rough  any  other  channel 
ymt  of  the  kidneys,  e,*/.,  the  bowels  or  the  skin. 

WM  of  Entimating  tfir  Sntifbt.^A  useful  rule  fur  approxiuiatoly  *-8timatinx 

tmX  solids  in  any  ^ivcu  H[>ceinien  of  heultliy  uriue  i»  to  luultiply  tlie   last 

:  n-preseiitinp   the  8p*H"inc   gravity  liy  2,33.    Thus,   in   urine  of  Hp. 

:  X  25  —  58  25  icrniiiK  of  KolidK,  nn*  coiitainiHl  in  KKM)  grains  of  the 

Ki  usitig  thist  uiethtHl  it  rmiHt  he    ri*MN^nibfivd  that  the   limits  «*f  eiTors 
wider  in  di»fr^a»«'il  tlian  m  healthy  urim*. 
Miiong  in  the  Spenfir  Graritff.— The  avemge  specific  gravity  of 
aman  urine  ia  about  1020.     The  relative  quantity  of  water  and  of 
Uuentsof  whicfi  it  is  composed  is  materially  influenced  by 
iuu  and  oceuimtiyu  of  tiie  body  during  the  time  at  which  it  is 
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secreted;  by  the  length  of  time  which  has  elapsed  since  the  last  meil;  i 
and  by  several  other  accidental  circumstances.  The  existence  of  tbeie  ; 
causes  of  difference  in  the  composition  of  the  urine  has  led  to  the  seen-  ] 
tion  being  described  under  the  three  heads  of  Urina  sanguinis,  Uriu  \ 
potus,  and  Urina  cibi.  The  first  of  these  names  signifies  the  urine,  or 
that  part  of  it  which  is  secreted  from  the  blood  at  times  in  which 
neither  food  nor  drink  has  been  recently  taken,  and  is  applied  especially 
to  the  urine  which  is  evacuated  in  the  morning  before  breakfast  The 
term  urina  potus  indicates  the  urine  secreted  shortly  after  the  intro- 
duction of  any  considerable  quantity  of  fluid  into  the  body:  and  the 
urina  cibi,  the  portions  secreted  during  the  period  immediately  succeed- 
ing a  meal  of  solid  food.  The  last  kind  contains  a  larger  quantity  ot 
solid  matter  than  either  of  the  others;  the  first  or  second,  being  krgely 
diluted  with  water,  possesses  a  comparatively  low  specific  gravity.  9i 
those  three  kinds,  the  morning  urine  is  the  best  calculated  for  analydf 
in  health,  since  it  represents  the  simple  secretion  unmixed  with  thfl 
elements  of  food  or  drink;  if  it  be  not  used,  the  whole  of  the  urina 
passed  during  a  period  of  twenty-four  hours  should  be  taken.  The 
specific  gravity  of  the  urine  may  thus,  consistently  with  health,  nugk 
widely  on  both  sides  of  the  usual  average.  It  may  vary  from  1015  ii 
the  winter  to  1025  in  the  summer;  but  variations  of  diet  and  exercise,  mi 
many  other  circumstances,  may  make  even  greater  differences  than  theea 
In  disease,  the  variation  may  be  greater;  sometimes  descending, in albn 
minuria,  to  1004,  and  frequently  ascending  in  diabetes,  when  the  uriiM 
is  loaded  with  sugar,  to  1050,  or  even  to  1060. 

Quantify. — The  total  quantity  of  urine  passed  in  twenty-four  hour 
is  affected  by  numerous  circumstances.  On  taking  the  mean  of  man; 
observations  by  seveml  experiments,  the  average  quantity  voided  ii 
twenty-four  hours  by  healthy  male  adults  from  20  to  40 -years  of  ag 
has  been  found  to  amount  to  about  52^  fluid  ounces  (1^  to  2  litres). 

Ahnorynal  Constituents, — In  disease,  or  after  the  ingestion  of  specia 
foods,  various  abnormal  substances  occur  in  urine,  of  which  the  folloi 
ing  may  be  mentioned — Serum' albumin,  Olobulin^  Ferinents  (appar 
ently  present  in  health  also),  Proteoses,  Blood,  Sugar,  Bile  acid^  am 
pigments.  Casts,  Fats,  various  Salts  taken  as  a  medicine,  Jdicro-organ 
isms  of  various  kinds,  and  other  matters. 

The  Solids  of  the  Urine. 

Urea  (CH4N2O). — Urea  is  the  principal  solid  constituent  of  th 
urine,  forming  nearly  one-half  of  the  total  quantity.  It  is  also  th 
most  important  ingredient,  since  it  is  the  chief  substance  by  which  th 
nitrogen  which  is  derived  from  the  metabolic  changes  in  the  tissues  a 
well  as  that  which  is  derived  from  any  superfluous  food  is  excreto 
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te  body.     For  its  removal,  the  eecretioo  of  uriDc  Beetns  especiftlly 
d,  though  nrea  itself  ia  not  toxic. 

PfW />,«?,— Ure^ii.  like   the  other  soliil   coiistitiic^iits  of  the  urine, 
I  a  state  of  solution.     When  iu  the  soliil  stute,  it  appears  in  the 


Fig.  *.iSiK!i.—Cry&iaiA uf  Vivti, 


delicate  silvery  acicular  crystals,  which*  under  the  microscope, 
four-aided  prisms  (fig;  298),  It  may  be  obtained  in  thie  stnte 
omting  urine  carefully  to  ilie  consistence  of  honey,  acting  on 
nasated  mass  with  four  parts  of  alcohol,  then  evaporating  the 

:  solution  to  drynesB,  and  purifying  the  residue  by  repeated 

in  water  or  in  alcohoU  and  finally  allowing  it  to  cryt?tallizo.     It 
combines  with  some  acids,  like  a  weak  base:  and  may  thus  be 

otly  procureil  in  the  form  of  crystals  of  nitrate  or  oxalate  of 

;B.^/99and  300). 
is  colorless  when  pure;    when  impure  it  may  be  yellow  or 


;  SOO-^CryKtala  of  Urea  nitrate. 


Flif,  aooi— Cryrtata  of  Urea  oxalate* 


it  is  without  smell,  and  of  a  cooling  nitre-like  taste;  it  haa 
in  acid  nor  an  alkaline  reaction,  and  deliquesces  in  a  moist  and 
►mosphere.  At  15''  C.  (59'  ¥,)  it  requires  for  its  solution  less 
own  weight  of  water;  it  is  dissolved  in  all  proportions  by  boil- 
\T\  but  it  requires  five  times  its  weight  of  cold  alcohol  for  its 
,     It  is  insoluble  iu  ether.     At  l^it)"^  C.  (248"  F.)  it  melts  with- 
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out  undergoing  decomposition;  at  a  still  higher  temperature  ebullition 
takes  place^  and  carbonate  of  ammonium  sublimes.  When  heated  with 
water  in  a  sealed  tube  to  100°  C,  urea  splits  up  into  carbonic  acid  and 
ammonia;  when  heated  to  a  high  temperature  urea  loses  ammonia  and 
first  yields  biuret,  G2H6N802>  which  gives  a  rose  color  with  caustic  potash 
and  a  trace  of  copper  sulphate,  and  afterward  cyanuric  acid,  CsHsOsNi, 
which  gives  a  violet  color  with  caustic  potash  and  a  trace  of  copper  sul- 
phate. It  is  decomposed  by  sodium  hypochlorite  or  hjrpobromite  or  by 
nitrous  acid,  with  evolution  of  N.  It  forms  compounds  with  acids,  d 
which  the  chief  are  urea  hydrochloride,  CH4N2O.HCL;  urea  nitrat«^ 
CH4N2OHNO8;  and  urea  phosphate,  CH4N2O.H8PO4.  It  forms  com- 
pounds with  metals  such  as  HgO.CH4N20;  with  silver  CH2N20Agi; 
and  with  salts  such  as  IlgCU  and  HgNOj. 

Chemical  Nature, — Urea   is  isomeric  with  ammonium  cyanate 
NH4,GN0.     It  was  first  of  all  artificially  prepared  from  that  substance. 

It  may  aUo  he  produced  artificially  by  treating  carbonyl  chloride  (00  C3j 
with  ammonia;  or  by  heating  ethyl  carbonate  with  ammonia  CO  qc  H*  "f"  ^  ^^  ^ 

CONaH*  2CiHeO;     by    heating    ammonium   carbonate   CO  ^|j  =C0N,H4+: 
H9O;  by  adding  tcatcr  to  cyanamide  ON.NH,,  or  by  evaporating  ammam 
cyanate  in  aqueous  solution. 


It  is  usually  considered  to  be  a  diamide  of  carbonic  acid,  in  other 
words,  carbonic  acid,  CO  (0U)'2,  with  two  of  hydroxyl,  (OiI)'2,  replaced 
by  two  of  aniidogen  (NH2)'2.  It  may  also  be  written  as  if  it  were  a 
monamide  of  carbamic  acid  (COOHNH2),  thus  CONH2.NH2;  one  d 
amidogen,  NII2,  in  the  latter  replacing  one  of  hydroxyl  in  the  former. 
Decomposition  of  tlie  urea  with  development  of  ammonium  carbonate 
takes  place  from  the  action  of  the  bacteria  (micrococcus  ureas),  when 
urine  is  kept  for  some  days  after  being  voided,  and  explains  the  ammo- 
niacal  odor  then  evolved.  The  urea  is  sometimes  decomposed  before  it 
leaves  the  bladder,  when  the  mucous  membrane  is  diseased,  and  the 
mucus  secreted  by  it  is  abundant;  but  decomposition  does  not  often  occur 
unless  atmospheric  germs  have  had  access  to  the  urine. 

Variations  in  the  Quanlilif  excreted, — The  quantity  of  urea  excreted 
is,  like  that  of  the  urine  itself,  subject  to  considerable  variation.  For 
a  healthy  adult  about  512.4  grains  (about  33.18  grms.)  per  diem  maybe 
taken  as  rather  a  \\\^\\  average.  Its  percentage  in  healthy  urine  is  from 
1.5  to  2.5.  Its  amount  is  materially  influenced  by  diet,  being  greater j 
when  animal  food  is  exclusively  used,  less  when  the  diet  is  mixed,  andi 
least  of  all  with  a  vegetable  diet.  As  a  rule,  men  excrete  a  larger  qnan-; 
tity  than  women,  and  persons  in  the  middle  periods  of  life  a  larger, 
quantity  than  infants  or  old  people.     The  quantity  of  urea  excreted  bj, 
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chHdren,  relatively  to  their  body-weight,  is  much  greater  than  hy  adults; 
'  Thos  the  quantity  of  ureii  excreted  per  kilo^am  of  weight  was  found  to 
be,  in  a  child,  0,S  grm.;  in  an  adult  only  0.4  grm.  Kegurded  in  this 
way,  too,  the  excretion  of  carbonic  acid  gives  similar  results,  the  pro- 
portions in  the  child  and  adult  being  as  82 :  34. 

The  quantity  of  urea  does  not  necessarily  increase  and  decrease  with 
that  of  the  urine,  though  on  the  whole  it  would  seem  that  whenever  the 
Lamoont  of  urine  is  much  augmented,  the  quantity  of  urea  also  is  usually 
liDeroiaed;  and  it  appears  that  the  quantity  of  urea,  as  of  urine,  may  be 
[specially  increased  by  drinking  large  quantities  of  water.  In  various 
I  diseases  the  quantity  is  reduced  considerably  below  the  healthy  stan- 
dmrd;  while  in  other  affections  it  is  above  it. 


Quantitative  Estimation. — Thc»re  are  two  chief  methods  of  estimating  the 

■ODOimt  of  urea  in  the  urine-      (1.)   By  decomposing  it  by  meann  of  an  alkaline 

idlitioD  of  sodiuBJ  hTpobromit4?,  or  hyt>tM.^hlorite,  and  calculatiog  the  amount 

I  a  measured  quantity,  by  colk*cting  and   measuriog  the  amount  of  nitrogen 

•folved  under  aiich  circumstances.     Urea  contains  nearly  half  its  weight  of 

jatrogen,  hence  the  amount  of  the  gas  collected  may  be  taken  as  a  measure  of 

urea  decomi>o«ed,  remembering  that   1   litre  of  nitrogen  at  the  standard 

atxire  and  pressure  weighs  14  X  .06936,  or  1.251   grms.     Tlio  percentage 

i  can  thus  be  readily  calculated  from   the  volume  of  nitrogen   evolved 

a  measured  quautity  of  the  urine,  but  this  calculation   is  avoided  hy 

daating  the  tube  in  whieh  the  nitrng;<>n   is  coli€»cted  with  numbers  which 

liiate  the  corresponding  percentage  of  urea.       The  reaction  is  CON^  H|  + 

XfiBrO  +  2NaH0  =  BNaBr  +  BHaO  -f  Na.CO,  +  N,.     (2. )   By  precipitating  the 

luea,  by  addinj^  to  a  given  amount  of  urine,  freed  from  sulphates  and  phos- 

jb^te^,  a  Btandard  solution  of  mercuric  nitrate  from  a  burette,  until  the  whole 

of  it  has  been  thrown  down  in  an  insoluble  form;    then  reading  off  the  eacact 

amouDl  of  the  mercuric  nitrate  solution,  which  it  was  necessary  to  use.     As 

fhe  amount  of  urea  which  each  cubic  centimetre  of  the  standard  solution  will 

priH'ipitate  is  previously  known,  it  is  easy  to  calculate  the  amount  in  the  sam- 

jile  jf  urine  taken.     The  preinpitate  whicli  is  formed  was  generally  said  to  be 

omijxjtied  of  mercuric  oxide  and  urea.     Some,  however,  now  oonsider  that  it 

ill  A  mixture  of  mercuric  nitrate  itself  and  urea. 


1 


Uric  Acid  (G5H|N^03).^I''ric  or  lithic  add  is  rarely  absent  from 
llie  urine  of  man  or  animals,  tliough  in  the  feline  tribe  it  seems  to  be 
•ometimes  entirely  replaced  by  urea. 

Propertie.'i, — Uric  acid  when  pure  is  colorlessj  but  when  deposited 
Dm  the  urine  is  yellowish-brown.     It  cryBtallizeB  in  various  forms,  of 
"Which  the    most   common   are   smooth   transparent,  rhomboid   plates, 
ftmond-shaped  plates,  hexagonal  tables,  etc*  (fig.  301).     It  is  odorleflg 
tastelesfi.     It  is  very  slightly  soluble  in  cold  water,  and  a  little  more 
in  hot  water,  quite  insoluble  in  alcohol  and  ether.     It  dissolves  freely 
-jolation  of  the  alkaline  carbonates  and  other  salts. 
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The  proportionate  quantity  of  uric  acid  varies  oonfliderably  in  differail 
animalfl.  In  man,  and  Mammalia  generally,  especially  the  HerbiTon,  it  ii 
comparatively  small.  In  the  whole  tribe  of  birds,  and  of  serpents,  on  the  other 
hand,  the  quantity  is  very  large,  greatly  exceeding  that  of  the  urea.  In  th» 
urine  of  granivorous  birds,  indeed,  urea  is  rarely  if  ever  found,  its  place  heiq; 
entirely  supplied  by  uric  acid. 

Variations  in  Quantity, — The  quantity  of  uric  acid,  like  that  of 
nroa,  in  human  urino^  is  increased  by  the  use  of  animal  food,  and  dd> 
creased  by  the  use  of  food  free  from  nitrogen,  or  by  an  exclusively  rege- 
tablo  diet.  In  most  febrile  diseases,  and  in  plethora,  it  is  formed  k 
unnaturally  large  quantities;  and  in  gout  it  is  deposited  in  and  around 
joints,  in  the  form  of  urate  of  soda,  of  which  the  so-called  chalk-stona 
of  this  disease  are  principally  composed.  The  average  amount  secreted 
in  twenty-four  hours  is  about  one-third  of  a  gramme. 

Condition  in  the  Urine. — The  condition  in  which  uric  acid  exutsin 
solution  in  the  urine  has  formed  the  subject  of  some  discuBsioD.   Tlu 
uric  acid  exists  as  urate  of  soda,  produced  by  the  uric  acid  as  soon  as  it 
is  formed  combining  with  part  of  the  base  of  the  alkaline  sodium  phos- 
phate of  the  blood.     Ilippuric  acid,  which  exists  in  human  urine  aln^  \ 
acts  upon  the  alkaline  phosphate  in  the  same  way,  and  increases  still  < 
more  the  quantity  of  acid  phosphate,  on  the  presence  of  which,  it  ii 
probable  that  a  part  of  the  natural  acidity  of  the  urine  depends.   It  is  j 
scarcely  possible  to  say  whether  the  union  of  uric  acid  with  the  bwei  j 
sodium  and  ammonium  takes  place  in  the  blood,  or  in  the  act  of  secie-  ' 
tion  in  the  kidney:  the  latter  is  more  likely;  but  the  quantity  of  either 
uric  acid  or  urates  in  the  blood  is  probably  too  small  to  allow  of  thiB 
question  being  solved. 

Owing  to  its  existence  in  combination  in  healthy  urine,  uric  acid  for 
examination  must  generally  be  ])recipitated  from  its  bases  by  a  stronger 
acid,  e,g,^  hydrochloric  or  nitric.  When  excreted  in  excess,  however,  it 
is  deposited  in  a  crystalline  form  (fig.  301),  mixed  with  large  quanti- 
ties of  ammonium  or  sodium  urate.  In  such  cases  it  may  be  procured 
for  microscopic  examination  by  gently  warming  the  portion  of  urine 
containing  the  sediment;  this  dissolves  urate  of  ammonium  and  sodinm, 
while  the  comparatively  insoluble  crystals  of  uric  acid  subside  to  tha 
bottom. 

The  most  common  form  in  which  uric  acid  is  deposited  in  urine,  is 
that  of  a  brownish  or  yellowish  powdery  substance,  consisting  of  gran- 
ules of  ammonium  or  sodium  urate.  When  deposited  in  crystals,  it  ii 
most  frequently  in  rhombic  or  diamond-shaped  laminae,  but  other  forma 
are  not  uncommon  (fig.  301).  When  deposited  from  urine,  the  crystali 
are  generally  more  or  loss  dee})ly  colored,  from  being  combined  with 
the  coloring  princii)les  of  the  urine. 

Tests, — There  are  two  chief  tests  for  uric  acid  besides  the  micro- 
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ence  of  its  crystallino  stnicture:  (1)  Tlie  Mnrexide  test, 
ista  of  eviipo rating  to  dryness  a  mixture  of  strong  iiitrtc  acid 
id  in  a  water  bath.  This  leaves  a  yelJo wish-red  residue  of 
iHjNaOi)  and  urea,  untl  on  addition  of  luninoniuni  hydrate^  a 
urple  color  (ammonium  purpunitt\  CsH4{NH^)N50(;),  deep- 
dition  of  caustic  potash,  takes  place.  (2)  St-hiff'if  test  con- 
iolving  the  uric  acid  in  sodium  carbonate  solution,  and  of 
»me  of  it  on  a  filter  paper  moistened  with  silver  nitrate.  A 
ippears»  wliich  corresponds  to  the  reduction  of  silver  by  the 

ic  Add  (CJIgNOa)  has  long  been  known  to  exist  in  the 
rbivorons  animals  in  combination  with  soda.     It  also  exists 


iious  forms  of  uric  acid  crystalii. 


k 


Fig.  3<13.— Crystals  of  hippuric  acitl. 


;he  urine  of  man,  in  a  quantity  equal  or  rather  exceeding 
uric  acid, 

kntity  of  hippuric  acid  excreted  is  increased  by  a  vegetable 
pears  to  be  formed  in  the  body  from  benxoic  acid  or  from 

substance.     The  benzoic  acid  unites  with  glycin,  probably 
eys,  and  hippuric  acid  and  water  are  formed  thus,  C7HeOa 
id)  +  CsHsNOa  (Glycin)  =  C^I^NOa  (Hippuric  acid)  +  H2O 
t  may  be  decomposed  by  acids  into  benzoic  acid  and  glycin, 
ies* — It  is  a  colorless  and  odorless  substance  of  bitter  taste, 

in  semi-transparent  rhombic  prisms  (fig.  302).  It  is  more 
cold  water  than  uric  acid,  and  much  more  soluble  in  hot 
8  soluble  in  alcohol. 

its» — The  pigments  of  the  urine  are  the  following: — L  Uro- 
jllow  coloring  matter,  giving  no  absorption  band;  of  which 
3  known.     ITrine  owes  its  yellow  color  mainly  to  the  pres- 

body.     2.   Urobilin,  mi  orange  pigment,  of  which  traces  may 

nearly  all  urines,  and  which  is  especially  abundnnt  in  the 
I'd  by  febrile  patients.  It  h  chamcterized  hy  a  well-marked 
ic  absorption  band  at  the  junction  of  green  and  blue^  best 
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aeon  in  acid  solntions;  and  by  giving  a  green  fluorescence  when  ez< 
of  ammonia  with  a  little  chloride  of  zinc  is  added  to  it.  The  ? 
vexed  question  of  the  relation  of  the  pigments  of  urine  to  bile  pigme 
turns  largely  upon  the  spectroscopic  appearances  of  urobilin ;  for  onm, 
colored  solutions  having  the  same  absorption  band  as  urobilin  may 
prepared  from  bile  pigments  in  two  different  ways — i,  by  reduction  wi 
sodium  amalgam — Hydrohiliruhin  (Maly);  ii,  by  oxidation  with  nifa 
acid — Choletelin  (Jaffe),  and  both  these  bile  derivatives  give  a  flaoR 
cence  with  ammonia  and  a  drop  of  chloride  of  zina  It  is  not  satiilii 
torily  settled  which  of  these,  if  either,  is  the  same  as  urobilin  of  nrin 
It  is  worth  noting  that  choletelin  may  be  oxidized  a  stage  further;  i 
then  loses  its  absorption  band,  remaining  however  of  a  yellow  color.  I 
is  very  possible  that  the  urochrome  of  normal  urine  may  be  thiB  on 
dized  choletelin,  and  that  the  presence  of  the  absorption  band  of  nrobilii 
in  urines  may  mean  that  some  of  the  pigment  is  in  the  stage  of  cholete- 
lin; %,e,y  that  its  oxidation  is  not  quite  completed. 

Those  who  believe  urobilin  to  be  identical  with  hydrobilimbm  np" 
pose  that  the  bilirubin  is  reduced  by  the  putrefactive  processes  in  thi 
intestines,  and  is  conveyed  in  its  reduced  form  by  the  blood  stnim  te 
the  kidneys. 

3.  Uro-erythrin  is  the  pigment  which  is  found  in  the  pink  depooti 
of  urates  which  are  sometimes  seen  in  urines;  it  communicateB  a  rid 
red-orange  color  to  urine  when  in  solution,  and  its  solutions  hare  two 
broad  faint  absorption  bands  in  the  green. 

4.  Uro?neIanin,  When  urine  is  boiled  with  strong  acids  itdarbM 
to  a  reddish-brown  color.  This  change,  once  ascribed  to  the  fonBl' 
tion  of  a  new  pigment  uromelaniu,  is  now  believed  to  be  due  to  tin 
presence  in  urine  of  pyrocatechin  and  allied  bodies  which  are  capaU> 
of  taking  up  oxygen  when  boiled  with  acids,  yielding  COi  and  browi 
or  black  residual  products. 

5.  Indigo  is  rarely  found  in  urines,  to  which  it  may  communicatei 
blue  or  green  color.  Urine  frequently  contains  a  compound  which  i 
either  a  glucoside,  Indican;  or  more  probably  a  salt  of  indoxyl-sulphmi 
acid.  It  yields  indigo  blue  when  treated  with  strong  hydrochloric  ad 
and  left  to  stand  for  some  hours  exposed  to  the  air;  the  indigo  mayl 
separated  by  treatment  with  boiling  chloroform,  which  takes  it  n 
forming  a  blue  solution. 

There  is  a  similar  compound  of  skatol  and  sulphuric  acid  which 
sometimes  recognized  in  the  urine,  by  the  production  of  a  red  col 
when  nitric  acid  is  added  to  it. 

Many  medicinal  substances  color  the  urine,  for  instance  Rhubfi 
Santonin,  Senna,  Fuchsine,  Carbolic  Acid. 

Bromides  and  Iodides  yield  Bromine  or  Iodine,  when  nitric  acid 
added  to  the  urine  of  patients  taking  these  drugs.    In  the  case  of  iodii 
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ij6  liberated  iodine  commuuletites  a  strong  mahogany  color  to  the  urine 
ins  treated. 

Mucus. — Mueuff  in  the  orine  consists  principally  of  the  epithelittl 
Ibris  from  the  mucous  surface  of  the  urinary  pussagee.  Particles  of 
pithelium,  in  greater  or  less  abundance,  may  he  detected  in  most  sam- 
ites of  urine,  especially  if  it  has  remained  at  rest  for  some  time,  and  the 
Dwer  strata  are  then  examined  (fig.  303).  As  urine  cools,  the  muens  is 
ometimes  seen  suspended  in  it  as  a  delicate  opaque  cloud,  but  generally 
I  falls.  In  infiammatorj  affections  of  the  urinary  passages,  especially 
if  the  bladder,  mucus  in  large  quantities  is  poured  forth,  and  speedily 
mdergoes  decomposition.  The  presence  of  the  decomposing  mucus 
icites  chemical  changes  in  the  urea,  whereby  carbonate  of  ammonium 
I  formed,  which,  combining  with  the  excess  of  acid  in  the  superphos- 
rliates  in  the  urine,  produces  insoluble  neutm!  or  alkaline  phosphates 
f  calcium  and  magnesium,  and  phosphate  of  ammonium  and  magne- 
hm.  These,  mixing  with  the  mucus,  constitute  the  peculiar  white, 
ieetd,  morttir-likc  substance  which  collects  upon  the  mucous  surface  of 
be  bladder,  and  is  often  passed  with  the  urine,  forming  a  thick  tena- 
10X18  sediment. 

Extractives.— In  adrlition  to  those  already  considered,  urine  con- 
iins  a  considt^rable  number  of  nitrogenous  compounds.  These  are 
anally  described  under  the  generic  name  of  ExlracHves,  Of  these,  the 
hief  are:  (1)  Krmfuiin  (C^H,N,0),  a  substance  derived  almost  en- 
irely  from  muscle  tnken  as  food,  crystallizing  in  colorless  oblique 
hembic  prisms;  a  fairly  definite  amount  of  this  substance,  about  15 
rmins  (1  grm.),  appears  in  the  urine  daily^  so  that  it  must  be  looked 
ijKjn  as  a  normal  constituent;  it  is  increased  by  increasing  the  ni- 
logenous  constituents  of  the  food;  (2)  Xmtthin  (C\N,H,OJ,  when 
tolated,  is  an  amorphous  powder  soluble  in  hot  water;  (3)  Sarkin^  or 
Spo^xanihin  (C,N,H,0);  (4)  Omluric  acid  (CJl.N^O,),  in  combi- 
iition  with  ammonium  in  the  urine  of  the  new-born  child;  (5)  Alhtntoin 
iCtHsNiOa).  All  these  extractives  are  chiefly  interesting  as  being  closely 
ionnected  with  urea,  and  mostly  yielding  that  substance  on  oxidation, 
ieucin  and  tyrosin  can  scarcely  be  looked  upon  as  normal  constituents 
'f  urine. 

Saline  Matter. — (a)  The  SHiphurie  acid  in  the  urine  is  combined 
hiefly  or  entirely  with  sodium  or  potassium;  forming  salts  which  are 
Aen  in  very  small  quantity  with  the  food*  and  are  scarcely  found  in 
Sier  fluids  or  tissues  of  the  body;  for  the  sulphates  commonly  enumer- 
ed  among  the  constituents  of  the  ashes  of  the  tissues  and  fluids  are 
rihe  most  part,  or  entirely,  produced  by  the  changes  that  take  place 
Be  burning.  Only  about  one-third  of  i\\^  sulphuric  acid  found  in 
t  urine  is  derived  directly  from  the  food  (Parkes),  TIence  the  greater 
the  sulphuric  acid  which  the  sulphates  in  the  urine  contaiUi 
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muBt  be  formed   during  the  metaboliam  of   nitrogenoaa  foods;   tn 

Bolplmr  of  which  the  aeid  is  formed  being  probably  derived  from  tl 
decomposiog  nitrogenous  tissues,  the  other  elements  of  which  are 
solved  into  urea  and  uric  acid.     It  may  be  in  part  derived  aJso  from  i 
fill Iphur- holding  taurin  and  eystin^  which  can  be  found  in  the  hffi 
lungs,  and  other  parts  of  the  body,  but  not  generally  in  the  excretion 
and  which,  therefore,  must  be  broken   np.     The  oxygen   is  supplio 
tiirough  the  lungs,  and  the  heat  genenited  during  combination  withth 
sulphur  is  one  of  the  subordinate  means  by  which  the  animal  tempen 
ture  is  maintained. 

Besides  the  sulphur  in  these  salts,  some  also  appears  to  be  in  I 
urine  unconibined  with  oxygen;  for  after  all  the  sulphates  have 
removed  from  urine,  sulphuric  acid  may  be  formed  by  drying  and  bun 
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FtR.  aoS.^Muciui  deposits  from  iirloe, 
Fij^.  ;M>4,— Uriuary  H^ijiieiit  uf  triple  iibosphates  (iargcn  j^prtsniatlo  cTTBtais)  and  tumte  cut  i 
nlum,  from  uiiu«;  which  had  uatli^reone  olkjiJiDt^  fernieuiattoiu 


ing  it  with  nitre.     From  tliree  to  five  grains  of  sulphur  are  thus  ^ 
excreted.     The  combination  in  which  it  exists  is  uncertain:  pousiblri 
is  in  some  compound  auiilogoua  to  cystin  or  cystic  oxide.     Sulphuf 
acid  also  exists   normally  in  the   urine   in   combination  with  phe 
(OfllToO)   as  phenol-sulphuric  acid  or    its    corresponding   salts,  mi 
sodium,  etc. 

{b)  The  phosphoric  acid  in  the  urine  is  combined  partly  with 
alkalies,  partly  with  the  alkaline  earths— about  four  or  five  timet 
much  with  the  former  as  with  the  latter.     In  blood,  saliva,  and  oth 
alkaline  Hiiids  of  the  body,  phosphates  exist  in  the  form  of  alkali 
neutral,  or  acid  salts.     In  the  urine  they  are  acid  satts^  viz,,  the  sodia 
ammonium,  calcium,  and  magnesium    phosphates,  the  excess  of 
being  (Liebig)  due  to  the  appropriation  of  the  alkali  with  which 
phosphoric  acid  in  the  blood  is  combined,  by  the  several  new  ad  | 
which  are  formed  or  discharged  at  the  kidneys,  namely,  the  uric,  hi  j 
puric,  and  sulphuric  acids,  all  of  which  are  neutralized  with  aoda. 


ie  phosphates  are  taken  largely  m  both  vegetable  and  aniiiml  food; 
tlitis  taken  are  excreted  at  once;  others,  after  being  Iraneformed 
icorporated  with  the  tissues.  Calcium  phosphate  forms  the  prin- 
earthy  constituent  of  bone,  and  from  the  decomposition  of  the 
IS  tissue  the  urine  derives  a  large  qnantity  of  iliis  salt.  The  de- 
oeitlon  of  other  tissues  also,  but  espeeially  of  the  brain  and  nerve- 
ftDce,  furnishee  large  supplies  of  phosphorus  to  the  urine,  which 
>horiis  is  supposed,  like  the  sulphur,  to  be  united  with  oxygen,  and 
combined  with  bnses.  The  quantity  i^,  however,  liable  to  consid- 
e  Tariation.  Any  undue  exercise  of  the  brain  and  all  circunistancea 
Qcing  nervous  exhaustion  increase  it.  The  earthy  phosphates  are 
!  abundant  after  nieals,  whether  of  animal  or  vegetable  food,  and 
limtnisfaed  after  long  fasting.     The  alkaline  phoephatea  are   in- 


n«.  aOB.— Ca^fltaJs  Qt  Cystin. 


¥tg,  aofl.— CryBtttU  of  CiUetum  OxAlftte*. 


H  after  animal  food,  diminished  after  vegetable  food.  Exercise 
itaes  the  alkalhie,  but  not  the  earthy  phosphates.  Phosphorus 
f^mbined  with  oxygen  appears,  like  sulphur,  to  be  excreted  in  the 
ft  WTien  the  urine  undergoes  alkaline  fermentation  phosphates  are 
lited  in  the  form  of  a  itriminj  at'dimfni,  consistiug  chiefly  of 
lonio-magnesium  phosphates  (triple  phosphate)  (fig,  304).  The 
jloand  does  not,  as  such,  exist  in  healthy  urine.  The  ammonia  is 
ly  or  wholly  derived  from  the  decomposition  of  ure^L 
p,)  The  Chlorine  of  the  urine  occurs  chiefly  iii  combination  with 
im  (next  to  urea,  sodium  chloride  is  the  most  abundant  solid  con- 
ent  of  the  urine),  but  slightly  also  with  ammonium,  and,  jierhaps, 
tgiuni.  As  the  chlorides  exist  largely  in  food,  and  in  most  of  the 
ml  fluids,  their  occurrence  in  the  urine  is  easily  understood. 
krcasional  Constituents.— r//,Wm  (OhITtN  SO^)  (fig.  305)  is  an 
aonal  constituent  of  uriTie.     It  resembles  taurin   in  containing  a 

tBntity  of  sulphur — more  than  25  per  cent.     It  does  not  exist  in 
urine. 
iLother  common  morbid  constituent  of  the  urine  is  Oxalic  acidf 
~~  31 
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which  is  frequently  deposited  in  combination  with  calcium  (fig.  306)  i 
a  urinary  sediment.  Like  cystin,  but  much  more  commonly,  it  is  th 
chief  constituent  of  certain  calculi. 

Of  the  other  abnormal  constituents  of  the  urine  which  were  HMh 
tionedonp.  472,  it  will  be  unnecesstiry  to  speak  at  length  in  this  work  j 

Gases. — A  small  quantity  of  gas  is  naturally  present  in  the  nrinei 
a  state  of  solution.  It  consists  of  carbonic  acid  (chiefly)  and  nitn^ 
and  a  small  quantity  of  oxygen. 

The  Method  of  the  Excretion  of  Urine. 

The  excretion  of  the  urine  by  the  kidney  is  believed  to  consistl 
two   more  or  less  distinct  processes — viz.,  (1)  of  Filtrationy  by  whil 
the  water  and  the  ready- formed  salts  are  eliminated;  and   (2)o/7V« 
Secretxonj  by  which  certain  substsmces  forming  the  chief  and  more  i 
portant  part  of  the  urinary  solids  are  removed  from  the  blood.    Tin 
division  of  function  corresponds  more  or  less  to  the  division  in  tU 
functions  of  other  glands  of  which  we  have  already  treated.     It  will  h 
as  well  to  consider  them  sepamtel}'. 

Filtration.— This  part  of  the  renal  function  is  performed  withi 
the  Malpigbian  corpuscles  by  the  renal  glomeruli.  By  it  not  only  the  watt 
is  strained  off,  but  also  certain  other  constituents  of  the  urine,  tf 
sodium  chloride,  are  separated.  The  amount  of  the  fluid  Altered  off  di 
pends  almost  entirely  upon  the  blood -pressure  in  the  glomeruli. 

The  greater  the  blood-pressure  in  the  arterial  system  genenilly,  ani 
consequently  in  the  renal  arteries,  the  greater,  c(vferis  paribus,  will  bi 
the  blood-presaure  in  the  glomeruli,  and  the  greater  the  quantity  { 
urine  sepiinited ;  but  even  without  increase  of  the  general  blood-] 
sure,  if  the  renal  jirteries  be  locally  dilated,  the  pressure  in  the  glome 
will  be  increased  and  with  it  the  secretion  of  urine.     All  the  can 
therefore,   which  increase  the  general  blood-pressure   will   second 
increase  the  secretion  of  urine.     Of  these — 

(1)  The  heart's  action  is  among  the  most  important.  When 
cardiac  contractions  are  increased  in  force  or  frequency,  incr 
diuresis  is  the  result. 

(2)  Since  the  connection  between  the  general  blood-pressure  and  I 
nervous  system  is  so  close  it  will  be  evident  that  the  amount  of  aii 
secreted  depends  greatly  upon  the  influence  of  the  latter.     This  rnayj 
demonstrated  experimentally.      Thus,  division  of  the  spinal  cord,  1 
producing  general  vascular  dilatation,  causes  a  great  diminution  of  bio 
pressure,  and  so  diniinishes  the  amount  of  water  passed;  since  theto 
dilatation  in  the  renal  arteries  is  not  sufficient  to  counteract  the  j^ 
diminution  of  pressure.     Stimulation  of  the  cut  cord  produces,  stran 
enough,  the  same  results— /.(^.,  a  diminution  in  the  amount  of  thei 
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id,  but  in  a  different  way,  viz.,  by  constricting  the  arteries  generally, 
among  otherB^  the  renal  arteries;  the  diminution  of  biood-pres8ure 
ting  from  the  local  resistance  in  the  reoal  arteries  being  more 
It  to  diminish  blood-prcasure  in  the  glomeruli  than  the  general 
aB6  of  blood-pressore  is  to  increase  it.  Section  of  the  renal  nerves 
li  produces  loeai  dilatation  without  greatly  diminishing  the  general 
l-pressnre  will  cause  an  increase  in  tlie  quantity  of  fluid  passed. 
\)  The  fact  that  in  summer  or  in  hot  weather  the  urine  is  dimin- 
maj  be  attributed  partly  to  the  copious  elimination  of  water  by 
kin  in  the  form  of  sweat  which  occurs  in  summer,  as  contrasted 
the  greatly  diminished  functional  activity  of  the  akin  in  winter, 


^,— XHAgr&m  of  Roy's  OiiCQin**t«  r  tK  rt-pri;"^  Tits  sin-  knljiHy  iui  l*istHl  In  a  metat  boi:,, 
IS  by  Uinge/;  ft,  th**  tvnnl  vesselt*  and,  duct.  iSikri'-iinitinK  tla*  kHtiun  mt*  two  chambers 
|tiu*mbraDe«,  the  eiigies  of  whjrh  arw  linnly  fljttil  Ky  \»-nn^  i.laTi]i>erl  between  the  outRl'dfl 
_^"wi«»„  and  oiie  (.not  repifsentetl  in  the  fltnin?)  insiilf.  the  iwo  \wm^  flnnly  «n'r«twe»d  toi^her 
6VC  At  A,  and  below.  The  meinbrauoitH  chaiiibt^r  bi:']uw  iHaili^il  with  a  varyiux  amount  of 
Oil,  aeoordiij^  to  ihj&sAs^  of  tiie  kiduey  *?.TperiijienttMl  with,  thruUK'h  rhe  upf  nfcij^  then  clo»e<l 
he  pio^  i'  Afterthie  kSdtiey  has  be^^n  ineli>»Kl  hi  thtfi  L'ii|tNule.  thr  [nt'rnhraDO''i8>ehaiiiber  abovo 
I  with  m-ani)  oil  thri>iiKh  the  lubH  «,  which  i»  then  closed  by  a  tii|MQut  repre»etit«id  in  the 
mj:  ibe  tubr  r/  eoumiunk-at^  with  a  n^nirdduK  iippjratuH.  and  any  alteration  in  the  volume 
Uilikey  ia  coriJiiJunicat«d  by  the  oil  In  the  tub©  to  tne  ehdraber  d  of  the  LJneoip'aph^  fi^.  «a5. 

llso  to  the  dilated  condition  of  the  vessek  of  the  ekin  canaing  a 
mse  in  the  general  blood-pressure.  Thus  we  Bee  that  in  regard  to 
Jimination  of  water  from  the  etystenu  the  skin  and  kidneys  perform 
lar  functions^  and  are  capable  to  sonie  extent  of  acting  vicariously, 
for  the  other.  Their  relative  activities  are  inversdy  proportional 
iCh  other. 

le  iotimate  conaecttoTi  which  exists  between  the  vt>lunie  of  tlie  kidney 
the  variatione  r>f  blrnMl  pressure  is  exceed inf^ly  wi.4l  Rln>wn  with  tho 
B«ter.  introduced  by  Roy.  which  h  a  mDililication  i:tf  the  plethyamo- 
'i,  fij^.  807,  By  means  of  this  aiijmratuH  any  alteration  in  tlie  volume  of 
idner  Is  communicated  to  an  a]iparatu>*  [oncographli  capable  of  recording 
fcicallj,  with  a  writing  lever,  such  variationa. 
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It  has  been  found  tliiit  the  kidney  is  extremely  ^nsit 
alteration  in  the  general  blood -pressure,  every  fall  in  the  general 
pressure  being  uef/oinpunied  by  a  decreaae  in  the  volume  of  the  I 
lind  every  rise,  unless  proditoed  by  considerable  constriction  { 
peripherul  vessels,  including  those  of  the  kidney,  being  accomput 
a  cor rei^pon ding  increase  of  volume.  Increase  of  volume  is  fd 
by  tin  increase  in  the  amount  of  urine  secreted,  and  decrease  off 
by  a  decrease  in  the  secretion.  In  addition,  however,  to  the  respi 
the  kidney  to  ulteratioiis  in  the  general  blood -pressure,  it  hat 
further  observed  that  certain  substances,  when  injected  into  the 
will  also  produce  an  increase  in  volume  of  the  kidney,  and  oonij 
increased  dow  of  urine,  without  affecting  the  general  blood-proi 


Tig,  9UB.— Eoy'BOnoo|?raph.orap[innitiis  for  it^t^fTiling  idteratlons  tn  the  volume  of  tl| 
«tc>,  as  shown  by  Ihe  oncometer— n.  u]m  iKlnt.  Jiiipinorlluic  rfHuritinjf  k*  v^t  f  whivh  U  ralsRlai 
by  n«*!!(ll**  ^,  which  worki*  ihnjtijjh/.  aiiii  which  is*  fttuuh***!  to  tlw  yi^ 
tt.  wjtJi  Vklik-U  the  tulM^  from  ilitMiricimietercomiifurilciittefi.    The  iiil  i^ 

oiil  iw  tJw*  i^srcm  Jt»scrnils  hv  li  mpmbraii«\  which  K daniped  Ixnw*^ |     ,    a 

eylinder  by  lht»  screw  t  worlcini;  upward;  ihi*  tutu'  A  is  for  flllhig  tht^  jn*itnimcuL  i 


fiuch  bodies  as  aodium  acetate  and  other  diuretics.  Thcese  obsen 
appear  to  prove  that  local  dilatation  of  the  renal  vessels  may  be  pri 
by  alterations  in  the  blood  acting  upon  a  local  nervous  mechanism, 
happens  when  all  of  the  renal  nerves  have  been  divided.  Thej 
tions  are  not  only  produced  by  the  additioQ  of  drugs,  but  also  by  1 
troduction  of  comparatively  small  quantities  of  water  or  saline  sol 
To  this  alteration  of  the  blood  acting  ujion  the  renal  vessels  | 
directly  or)  through  a  local  vaso-motor  mechanism,  and  not  to  anj 
alteration  in  the  general  blood'])ressuret  must  we  attribute  the  e® 
meals,  etc.,  observed  by  Roberts*  The  renal  excretion  is  increaad 
meals  and  diminished  during  fasting  and  sleep.  The  increase  | 
within  the  first  hour  after  breakfast,  and  continues  during  the  sii 
ing  two  or  three  hours;  then  a  diuiiuiition  sets  in,  and  contiuuel 
an  hour  or  two  after  dinner.     The  etlect  of  dinner  does  not  appeal 
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o  or  three  honrs  after  the  meal;  and  it  reaches  its  maximum  ahoat 
fourth  hour.  From  this  period  the  excretion  steadily  dccreuses 
till  bed -time.     During  sleep  it  sinks  still  lower,  and  reaches  its  mini- 

m— beiHg  not  more  than  one-third  of  the  quantity  excreted  during 

!  hours  of  digestion.  The  increased  amount  of  urine  passed  after 
inkiDg  large  quantities  of  lluid  depends  upon  the  temporary  increase 

blood -pressure  thus  cuused. 

The  following  table*  will  help  to  explain  the  dependence  of  the 
tration  function  upon  the  blood-pressure  and  the  nervous  system: — 

OF  THE  RELATION  OF  THE  SECRETION  OF  UrIKE  TO  AttTERtAIi  PRESSIJHE, 

Secretion  of  urine  may  be  increased— 
a.    By  incrcdsitttj  the  geutml  hloofl- pressure;  by 

1.  Increase  of  the  forre  or  fr*Mjueucy  of  heart-beat. 

2.  Constriction  of  the  small  arteries  of  areas  other  thou  that  of  the 
kidney. 

h.  Su  inereatting  the  local  blood-prcBSurej  by  relcuration  of  the  rencU 
artery^  without  compeiuating  rdajration  elmwliere  ;  by 

1-    Divkion  of  the  renal  nerves  (causing  polyuria). 

2,  Division  of  the  renal  nerves  ami  Htiiniilation  of  the  cord,  below 
thp  mednlla  (causing  jy^reatt^r  polyuria). 

S,  Division  of  the  Bplanchuic  niTves ;  but  the  polyuria  produced  is 
leas  than  in  1  or  2,  as  thet;e  nerves  are  ilistributed  to  a  wider 
area,  and  the  dilatati*>n  of  the  rr^nal  artery  is  accomj>anied  by 
dilatation  of  other  TPKsel^.  and  therefore  with  a  somewhat  di- 
miniaheil  general  blootl  supply. 

4.  Puncture  of  the  floor  of  fourth  ventricle  or  mechanical  irritation 
of  the  suiK^rior  eerviral  ganj[;;lion  of  the  symji^athetic,  ixjssibly 
from  thf^  prochiction  of  dilatation  of  the  renal  arteries. 

U    Secretion  of  urine  may  be  diminished— 

^y  diminiahinff  the  fjenrrnl  hknMt-premm*i>;  by 

1.  Diminution  of  the  forre  or  frequency  of  the  heart- beats. 

2.  Dilatation  of  capiUary  nreati  other  than  that  of  the  kidney. 

3.  Division  of  spinal  cord  below  the  niechilla.  which  caueea  dilata- 
tion of  general  abdominal  area,  and  urine  generally  ceases 
being  secreted. 

^y  iner*>ftmng  the  bkHiti-presmirc,  by  stimulation  of  the  spinal  cord 
below  the  medulla,  the  constriction  of  the  renal  artery,  which  follows, 
not  beinf?  comjieusated  for  by  the  incn'iise  of  gt*ner«il  hloofi- pressure. 

^Bu  coriftrietioH  of  the  renal  artery,  by  stimulating  the  renal  or 
eplanclmic  nerves,  or  the  ppinal  oord. 

Though  the  quantity  of  urine  secreted  corresponda  closely  with  the 
blood -pressure,  it  must  be  stated  that  it  is  more  directly  dependent 
le  quaDtity  of  blood  flowing  through  the  kidney  in  a  given  unit  of 
Under  Dormal  conditions  increased  blood-preBsare  and  increased 
kflow  go  hand  in  baud.     But  the  local  pressure  may  be  enormously 
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increased  by  clamping  the  renal  vein,  in  which  circniDBtaDce 
tion  of  uriue  ia  suspended. 

Although  it  is  convenient  to  call  the  proceases  which  go  on  ; 
renal  glomeruli,  filtration^  there  is  reason  to  believe  that  they  ai 
absolutely  mechanical^  as  the  term  might  seem  to  imply,  since,  win 
epithelium  of  the  Malpighian  capsule  has  been,  as  it  were^  pot  i 
order  by  ligatnrc  of  the  renal  artery,  on  removal  of  the  ligatui 
urine  bus  been  found  teniponuily  to  contain  albumen,  indicating  1 
selective  power  resides  in  the  healthy  epithelium,  which  allows  oi 
constituent  parts  of  the  blood  to  be  filtered  off,  and  nut  others 

Secretion, — That  ttiere  is  a  second  part  in  the  process  of  thei 
tion  of  urine,  which  is  true  secretion,  is  suggested  by  the  struct! 
the  tubuli  urinifen,  and  the  idea  is  supported  by  various  experia 
It  will  be  remembered  that  the  convoluted  portions  of  the  tubuli 
lined  with  an  epithelium,  which  bears  a  close  resemblance  to  the 
tory  epithelium  of  other  glands,  whereas  the  Malpighian  capsuU 
portions  of  the  loops  of  Henle  are  lined  simply  by  flattened  epitta 
The  two  fnnctiond  of  tijo  <HfTerent  parts  of  an  uriniferous  tube  are« 
suggested  by  the  differences  of  epithelium,  and  also  by  the  fact  tb 
blood  supply  to  the  different  parts  is  different,  since,  as  we  hari 
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Tig,  MIL    Ottrrr  t&ken  b.i^  renal  utieoiitetier  eonipresaed— witb  that  of  onlinar\^  blood'pr«i 
rt. 'Kidney  curve;  b^  bJcxNf-pnsfiSure  uwrvo.    CBoy.) 

the  convoluted  tubes  are  surrounded  by  capillary  vessels  derird 
the  breaking  up  of  the  eiterent  vessels  of  the  Malpighian  tufts, 
the  functions  of  the  different  parts  of  the  uriniferous  tubes  ; 
secretion  of  urine,  two  chief  tlieoriea  have  been  brought  forwani 
first,  suggested  by  Bowman  (184::^),  and  still  generally  accepted,: 
the  cells  of  the  convoluted  tubes,  by  a  process  of  true  secretion,  e© 
from  the  blood  substances  such  as  urea,  whereas  from  the  glcw 
are  separated  the  water  and  the  inorganic  salts.  The  second,  sag 
by  Ludwig  (1844),  is  that  in  the  glomeruli  are  filtered  off  fm 
blood  all  the  constituents  of  the  urine  in  a  very  diluted  com 
When  this  passes  along  the  tortuous  uriniferous  tube,  part  of  the 
is  re-absorbed  into  the  vessels  surrounding  them,  leading  the  xtf 
E  more  concentrated  condition — retaining  all  its  proper  constil 
This  osmosis  is  promoted  by  the  high  sjjecific  gravity  of  the  bl 


apillariea  Burroundiiig  the  convoliited  tiibes^  %nt  the  return  of  the 
aDd  similar  Bubgtaiices  la  iireveiited   by  the  aecretorj  e|iitheliiiin  of  ' 

ubules.     The  first  theorj  is,  however,  more  strongly  supported  by 
\t  esperimetit. 

ty  using  the  kiduey  of  the  newt,  which  has  two  distinct  vascular 
lies,  one  from  the  renal  artery  to  the  glomeruli,  and  the  other  from 
enal-portal  vein  to  the  convoluted  tube«,  Nussbaurn  1ms  shown  that 
in  substances,  e,ff.,  peptones  and  sugar,  when  injected  into  the 
I,  are  eliminated  by  the  glomeruli,  and  so  are  not  got  rid  of  when 
ipal  arteries  are  tied;  whereas  certain  other  substances,  e,^.,  urea, 
^bjected  into  the  blood,  are  eliminated  by  the  convoluted  tubes, 
Bheu  the  renal  arteries  have  been  tied.  This  evidence  is  very 
Hhat  urea  is  excreted  by  the  conToluted  tnbee»  that  is  to  say,  if  it 
■n  that  ligature  of  the  renal  artery  assists  the  circulation  through 
ISrueruli,  which,  however,  is  denied  by  Adami. 
eidenhainalso  has  shown  by  experiment  that  if  a  substance  (sodium 
hindigotate),  which  ordinarily  produces  blue  urine,  be  injected 
;he  blood  after  section  of  the  medulla  which  causes  lowering  of  the 
-pressure  in  the  renal  glomeruli,  that  when  the  kidney  is  examined, 
lUs  of  the  convoluted  tubules  (and  of  these  alone)  are  stained  with 
ibfitaiice^  which  is  also  found  in  tlie  lumen  of  the  tubules.  This 
rs  to  show^  that  under  ordinary  circumsUnces  the  pigment  at  any 
I  eliminated  by  the  cells  of  the  convoluted  tubules,  and  that  when 
minishitig  the  blood-pressure,  the  filtration  of  urine  ceases^  the 
mt  remains  in  the  convoluted  Lubes,  and  is  not,  as  it  is  under 
try  circumstances,  swept  away  from  them  by  the  flushing  of  them 
ordinarily  takes  place  with  tiie  watery  part  of  urine  derived  from 
amernli.  It  therefore  is  probable  that  the  cells*  if  they  excrete 
i^^ment,  excrete  urea  and  other  substances  also.  Hut  urea  acts 
^iiat  differently  to  the  pigment,  as  when  it  is  injected  into  the 
of  an  animal  in  which  the  medulla  has  been  dirided,  and  the 
ion  of  urine  stopped,  a  copious  secretion  of  urine  results,  which 
the  case  when  the  pigment  is  used  instead  under  similar  condi- 
The  flow  of  urine,  independent  of  the  general  blood-pressure, 
^pe  supposed  to  be  due  to  the  action  of  the  altered  blood  upon 
■cal  vaso-motor  mechanism :  and,  indeed,  the  loc^il  blood-pressure 
>ctly  affected  in  this  way,  but  there  is  reason  for  believing  that 
f  the  increiise  of  the  secretion  is  due  to  the  direct  stimuktion  of 
[la  by  the  urea  contained  in  the  blood, 

ttm  wji,  then,  the  relation  of  the  two  functions:  (1.)  The  process 
ion,  by  which  the  chief  part,  if  not  tlie  wdiole,  of  the  fluid  is 
ated,    together  with  certsiin  inorganic  salts  and    possibly  other 
la  indirectly  dependent  upon  blood -pressure,  is  accomplished  by 
jal  glomeruli,  and  is  accompanied  by  a  free  discharge  of  solids 
be  tubules.     (2,)  The  process  of  secretion  proper,  by  which  urea 
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and  the  principal  urinary  solids  are  eliminated,  is  accomplished  hy  \ 
cells  of  the  convoluted  tubes,  and  is  sometimes  (as  in  the  case  of  i 
elimination  of  urea  and  similar  substances)  accompanied  by  the  elimii 
tion  of  copious  fluid,  produced  by  the  chemical  stimulation  of  thee] 
thelium  of  ^  je  same  tubules. 

The  Passage  of  Urine  into  the  Bladder. 

As  each  portion  of  urine  is  secreted  it  propels  that  which  is  .nlreai 
in  the  uriniferous  tubes  onward  into  the  pelvis  of  the  kidney.  Then* 
through  the  ureter  the  urine  passes  into  the  bladder,  into  which  its  n 
and  mode  of  entrance  has  been  watched  in  cases  of  ectopia  vesica,  u 
of  such  fissures  in  the  anterior  or  lower  part  of  the  walls  of  the  abd 
men,  and  of  the  front  wall  of  the  bladder,  as  expose  to  view  its  hindi 
wall  together  with  the  orifices  of  the  ureters.  The  urine  does  not  enli 
the  bladder  at  any  regular  rate,  nor  is  there  a  synchronism  in  its  moifi 
ment  through  the  two  ureters.  During  fasting,  two  or  three  dni| 
enter  the  bladder  every  minute,  each  drop  as  it  enters  first  raising  v 
the  little  papilla  on  which,  in  these  cases,  the  ureter  opens,  and  thi 
passing  slowly  through  its  orifice,  which  at  once  again  closes  like, 
sphincter.  In  the  recumbent  posture,  the  urine  collects  for  a  little  tifl 
in  the  urottrs,  then  flows  gently,  and,  if  the  body  be  raised,  runs  fni 
them  in  a  stream  till  they  are  empty.  Its  flow  is  aided  by  the  peristaU 
contractiouH  of  the  ureters,  and  is  increased  in  deep  inspiration,  or  1 
straining,  and  in  active  exercise,  and  in  fifteen  or  twenty  minutes  affa 
a  meal.  The  urine  collecting  is  prevented  from  regurgitation  into  tl 
ureters  by  the  mode  in  which  these  pass  through  the  walls  of  the  bU 
der,  namely,  by  their  lying  for  between  half  and  three-quarters  of  an  \M 
between  the  muscular  and  mucous  coats  before  they  turn  rather  abrapd 
forward,  and  open  through  the  latter  into  the  interior  of  the  bladder. 

Micturition. — The  contraction  of  the  muscular  walls  of  the  bladi 
may  by  itself  expel  tlie  urine  with  little  or  no  help  from  other  ninsoli 
In  so  far,  >owever,  as  it  is  a  voluntary  act,  it  is  pc  rformed  by  means i 
the  abdoniiui;^  and  other  expiratory  muscles,  which  in  their  contractid 
as  before  explaiiied,  press  on  the  abdominal  viscera,  the  diaphragm  befl 
fixed,  and  cause  the  expulsion  of  the  contents  of  those  whose  sphioolv 
muscles  are  at  the  same  time  relaxed.  The  muscular  coat  of  the  bill 
der  co-operates,  in  micturition,  by  reflex  invohnitary  action,  with 
abdominal  muscles;  and  the  act  is  completed  hy  iha  a^i'.celerator  ht 
which,  as  its  name  implies,  quickens  the  stream,  and  expels  the 
drop  of  urine  from  the  urethra.  The  act,  so  far  as  it  is  not  directed  1 
volition,  is  under  the  control  of  a  nervous  centre  in  the  lumbar 
cord,  through  which,  as  in  the  case  of  the  similar  centre  for  defaecati 
the  various  muscles  concerned  are  harmonized  in  their  action. 
well  known  that  the  act  may  bo  reflexly  induced,  e,g.y  in  children  \ 
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er  from  intestinal  worms»  or  other  each  irritation.  Generally  tho 
Rrent  Impulse  whicli  ct»lk  into  action  tlie^  desire  to  micturate  is  excited 

over-distention   of  the   blitddcr,  or   even   by  a  few   droits   of  urine 

ing  into  tlie  urethra.  This  passes  up  to  the  himhur  centre  (or  con- 
b)  and  produces  on  the  one  hand  inhibition  of  the  sphincter  and  on 

other  hand  contraction  of  the  necessary  musclea  for  the  expulsion  of 

contents  of  the  bladder. 


The  Structure  and  Functions  of  the  Skin. 

The  skin  eerves — (1),  ae  an  external  integument  for  the  protection 
the  deeper  tissues,  and  {2},  as  a  sensitive  organ  in  the  exercise  of 

Bch,  a  subject  to  be  considered  in  tlie  Chapter  on  the  Special  Senses; 

ii*  also  (3),  an  important  secretory  and  excretory,  and  (4)^  an  absorb- 
organ,  already  noticed,  p.  425;  while  it  plays  an  important  part  in 
(the  regulation  of  the  temperature  of  the  body.     (See  the  Chapter  on 

tlimal  Heat.) 
Struc/uri',— The  skin  consists  jirincipally  of  a  vascular  tissue  named 
\  mrium^  demia^  or  cutis  vent,  and  of  an  external  covering  of  epithe- 

Bm  termed  %\m  epidermis  or  rut irie.  Within  and  beneath  the  corium 
imbedded  several  organs  with  specia!  functions,  namely,  .'#H£^i>rt/£?r<;«jr 
XidSy  sehact^ous  glands,  and  huir  f(iUivtei<:  and  on  its  surface  are  senai- 

wepapiilfV.     The  so-called  appendages  of  the  skin — the  ttftir  and  naih 
are  modifications  of  tlio  epidermis. 

Epidermis.— The  epidermis  is  composed  of  several  strata  of  cells  of 
ions  shapes  and  sizes;  it  closely  resembles  in  its  structure  the  epithe- 

Dm  of  the  mucous  membrane  that  lines  the  mouth.     The  following 

bur  layers  may  be  distinguished   in  a  more  or  less  developed  form;     1. 

fatum  mrneum  (fig.  310,  /i),  consisting  of  superimsed  layers  of  horny 
The  different  thickness  of  the  epiderniis  in  different  regions  of 
f  body  is  chiefly  due  to  variations  in  the  thickness  of  this  layer;  tu/., 

llhe  horny  parts  of  the  pahns  of  the  hands  and  soles  of  the  feet  it  is 

i  great  thickness.     The  stratuni  curneum  of   the  buccal  epithelium 
thr  differs  from  that  of  the  ejiidermis  in  the  fact  that  Tiuclei  are  to 

I  distinguished  in  some  of  the  cells  even  of  its  most  superficial  hiyers. 
%,  Sira/ufn  lueidifmy  a  bright  homogeneous  membrane  consisting  of 

IjtianioQs  cells  closely  arranged,  in  some  of  which  a  nucleus  can  he  seen. 

3.  Stratum  (/runiihj^mn,  consisting  of  one   layer  of  flattened   cells 

*ch  appear  fusiform  in  vertical  section :  they  are  distinctly  nucleated, 

a  number  of  granules  extend  from  the  nucleus  to  the  margins  of 

cell. 

L  Siratum   Mnlpighii  or   Rpft'  mnmmtm   consists   of   niany  stratFi. 

deepest  cells,  placed  immediately  above  the  cutis  vera,  are  columnar 

I  0¥al  nuclei:  this  layer  of  columnar  cells  is  succeeded  by  a  number 

ijers  of  more  or  less  polyhedral  cells  with  spherical  nuclei;  the  cells 
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of  the  more  superficial  layers  are  considerably  flattened.  The  deeper 
surface  of  the  rote  mucosum  is  accurately  adapted  to  the  papilhe  of  the 
true  skin,  being,  a3  it  were,  moulded  on  them.  It  is  very  constant  in 
thickness  in  all  parts  of  the  skin.  The  cells  of  the  middle  layers  of 
the  stratum  Malpighii  are  almost  all  connected  by  processes,  and  thui 
form  prickle  cells  (fig.  35).  The  pigment  of  the  skin,  the  varying  quan- 
tity of  which  causes  the  various  tints  observed  in  different  indiTidiulB 
and  different  races,  is  contained  in  the  deeper  cells  of  rete  mncosnm; 
the  pigmented  cells  as  they  approach  the  free  surface  gradually  losing 
their  color.     Epidermis  maintains  its  thickness  in  spite  of  the  constant 
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Fig.  310— Vertical  s«'ction  nf  tlie  epidermiR  of  the  prepuw.  a,  stratum  comeum.  of  veiyfir 
layers,  the  stnituiii  hicidum  and  Ktratuin  >;ranulo8uin  not  being  distinctly  represented;  6.  c,  d,  aod^ 
the  laycPH  of  tlie  Htratiiiii  MalpiKtiii.  a  certain  number  of  the  coUh  in  layers  a  and  t  showing  siguof 
segmentation;  layer  c  couKists  chiedy  of  prickle  or  ridge  and  furrow  cells;  /,  basement  membnun; 
0,  cells  iu  cu tin  vera.    (Caiilatj 

wear  and  tear  to  which  it  is  subjected.  The  columnar  cells  of  the  deep- 
est layer  of  the  rote  nincosuni  elongate,  and  their  nuclei  divide  into  two  : 
(fig.  310,  f')»  I^iistly  the  upper  part  of  the  cell  divides  from  the  lower; 
thus  from  a  long  columnar  cell  are  produced  a  polyhedral  cell  and  a 
short  columnar  cell :  the  latter  elongates  and  the  process  is  repeated. 
The  polyhedral  cells  thus  formed  nre  pushed  up  toward  the  free  surfaos 
by  the  production  of  fresh  ones  beneath  them,  and  become  flattened'; 
from  pressure:  they  also  become  gradually  horny  by  evaporation  and^ 
transformation  of  their  ])rotoplasm  into  keratin,  till  at  last  by  rubbing;; 
in  ordinary  wear  and  tear  they  are  detached  as  dry  horny  scales  at  the' 
free  surface.     There  is  thus  a  constant  production  of  fresh  cells  in  thff' 
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I. 


r  layers,  and  a  constant  throwing  off  of  old  ones  from  the  free  eur- 

Wlieu  these  two  processes  are  accumtely  biilaneed,  the  epidermis 

tains  its  Uiickness.     Wht?u,  by  intermittent  prt'ssure  u  more  active 

[•growtli  is  atimuliited,  tbe  production  of  cells  exceeds  their  waste  and 

epidermis  increases  in  thickness,  as  we  see  in  the  horny  hands  of  the 

■er, 

he  thickness  of  the  epidennis  on  the  different  portions  of  the  skin 
is  directly  proportioned  to  the  friction,  pressure,  and  other  sources  of 
iDjury  to  which  it  is  exposed;  for  it  serves  as  well  to  protect  the  sensi- 
tive and  vascnlar  cutis  from  injury  from  without,  as  to  limit  the  eviip- 
oratioQ  of  fluid  from  the  b I iiod- vessels.  The  aduptntion  of  the  epi der- 
mis to  the  latter  purposes  may  be  weJl  shown  by  exiJosiug  to  tlie  air  two 
dead  bands  or  feet,  of  which  one  has  its  epidermis  perfect*  and  the 
^fcher  is  deprived  of  it;  in  a  day>  the  skin  of  the  latter  will  become 
brown,  dry  and  horn-like,  while  that  of  the  former  will  almost  retain  its 
patnral  moisture. 

Cutis  vera,— The  corinm  or  cutis  vera,  which  rests  upon  &  layer  of 
ipose  and  cellubir  tissue  of  varying  tiiickiiess,  is  a  dense  and  tough, 
at  yielding  and  highly  elastic  structure,  composed  of  fasciculi  of  areolar 
e,  interwoven  in  all  directions,  and  forming,  by  their  interlace- 
ts,  numerous  spaces  or  areolae.  These  aVeolse  are  large  in  the  deeper 
tyers  of  the  cutis,  and  are  there  usually  filled  with  little  masses  of  fat 
[fig.  208):  but,  in  tlie  superheial  parts,  they  are  small  or  entirely  oblit- 
ted.  Unstriped  muscular  fibres  are  also  abundantly  present. 
PapiJlse.— The  cutis  vera  presents  numerous  conical  papillae,  with  a 
gle  or  divided  free  extremity,  which  are  more  prominent  and  more 
iensely  set  at  some  parts  than  at  others.  This  is  especially  the  case  on 
palmar  surface  on  the  hands  and  fingers,  and  on  the  soles  of  the  feet 
-parts,  therefore,  in  which  t!ie  sense  of  touch  is  most  acute.  On  these 
^arts  they  are  disposed  iu  dimble  rows,  in  iiarallel  curved  lines,  separated 
rom  each  other  by  depressions.  Thus  they  may  be  easily  seen  on  the 
m,  whereon  each  raised  line  is  composed  of  a  double  row  of  papilla, 
ind  is  intersected  by  short  transverse  lines  or  furrows  corresponding 
rith  the  interspaces  between  the  successive  pairs  of  pjtpiilfe.  Over 
itlier  parts  of  the  skin  they  are  more  or  less  thinly  scattered,  and  are 
loajcely  elevated  above  the  surface.  Their  average  length  is  about  y^ 
rf  an  inch  (^  mm.),  and  at  their  base  they  measure  about  ^^a  of  an 
»ch  in  diameter.  Each  papilla  is  abundantly  supplied  with  blood,  re- 
BiiTing  from  the  vascular  plexus  in  the  cutis  one  or  more  minute  arte- 
twigg»  which  divide  into  capillary  loops  in  its  substance,  and  then 
nanit^'  into  a  minute  vein,  which  passes  out  at  its  base.  This  abun- 
i  supply  of  blood  explains  the  turgescence  or  kind  of  erection  which 
ley  undergo  when  the  circulation  throngh  the  skin  is  active.  The 
ftjority,  but  not  all,  of  the  papillae  contain  also  one  or  more  terminal 
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nervo- fibres,  from  the  ultimate  ramifications  of  the  cntaneous  plexus, 
on  which  their  e.xfiuisite  sensibility  depends. 

The  nvrvv-terminatwnii  in  the  skin  have  been  described  under  the 
Sensory  Norve  Terminations  (p.  102  et  aer/.). 

Glands  of  the  Skin. — The  skin  possesses  glands  of  two  kinds:  (a) 
Sudoriferous,  or  Sweat  Glands;  (/>)  Sebaceous  glands. 

(fi)  Suflorifvrouity  or  Sireaf  Glands. — Each  of  these  glands  consists 
of  a  small  lobular  mass,  formed  of  a  coil  of  tubular  gland-duct,  sur- 
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Fl>;.  311.  VfrtKTiil  section  •>fHk  in.  A.  ScIuu^mih  frland  opening  into  hair  folUcle.  B.  Moscokr 
filin  M.  ('.  Sudonft'niiis  or  Kwt>at-f;lun(l.  I>.  SulxMitanisnis  fnt.  £.  Fundus  of  hair^foUicle.  «** 
hair-im]nllH>.    (Klein.) 

rounded  by  blood-vessels  and  embedded  in  the  subcutaneous  adip« 
tissue  (tig.  311,  C).     From  this  mass,  the  duct  ascends,  for  a  short  d' 
tance  in  a  spiral  manner  through  the  deeper  part  of  the  cutis,  tl 
passing  straight,  and  then  sometimes  again  becoming  spinil,  it  paf 
through  the  epidermis  and  opens  by  an  oblique  valve-like  apert 
In  the  parts  where  the  epidermis  is  thin,  the  ducts  themselveg 
thinner  and  more  nearly  straight  in  their  course  (fig.  811).     The 
which  maintains  nearly  the  sam(^  diameter  throughout,  is  lined  i 
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layer  of  columnar  epithelium  (fig,  311)  continuous  witb  the  epidermis; 
irhtle  the  part  which  passes  through  the  epidermis  is  a  mere  passage 
thruu^li  the  epidermal  cells  not  being  bounded  by  any  special  lining; 
but  the  cells  whicli  immediutdy  form  the  botmdary  of  the  canal  in  this 
part  are  somewhat  ditfereiitlj  arranged  from  those  of  the  adjacent  cuti- 
cle. The  coils  or  terminal  portions  of  the  gland  are  lined  with  at  least 
tiro  layers  of  short  cohimnar  cells  with  very  distinct  nuclei  {^g.  312), 
antl  possess  a  large  lumen  distinctly  bounded  by  a  special  lining  of 
eaticle. 

The  sudoriferous  glands  are  abundantly  distnbuted  over  the  whole 
aurfaee  of  the  body;  but  are  especially  numerouSp  as  well  as  very  large, 
in  the  skin  of  the  palm  of  the  hand  and  of  the  sole  of  the  foot.  The 
glands    by  which  the  peculiar  odorous  matter  of  the  axilla;  is  secreted 


.  »12. 


-Termiiuil  tubules  of  sudorifemiw  ^;lftii»is,  tnit  In  vaHcuia  dlrcM^tloru*  from  the  skiD  of  the 
piK*»eHr    {\\  D.  Harris.) 


[orm  a  nearly  complete  layer  under  the  cutis,  and  are  like  the  ordinary 
iudoriferous  glands,  except  in  being  larger  and  having  very  short  ducts. 
The  peculiar  bitter  yellow  substance  secreted  by  the  skin  of  the  ex- 
lal  auditory  passage  is  named  cerumen,  and  the  gkinda  themselves 
tminov,^  glands;  but  they  do  not  much  differ  in  structure  from  the 
linary  sudoriferous  glands, 

{b)  Sebaceous  Ghmds^—ThQ  sebaceous  glands  (figs.  ^]^.  nif;>»  like 

idoriferaus  glands,  are  abundant  in  most  jjurts  of  the  surface  of  the 

iy,  particularly  in  parts  largely  supplied  with  hair,  as  the  scalp  and 

They  are  thickly  distributed  about  the  eutmnees  of  the  various 

ftges  into  the  body,  as  the  anus,  nose,  lips^  and  external  eiir.     They 

'  entirely   absent   from  the  palmar   surface   of  the  hand   and  the 

ntar  surfaces  of  the  feet.     Thoy  are  racemose  glands  composed  of  an 

Tegate  of  small  tubes  or  sacculi  lined  with  columnar  epithelium  and 

jd  with  an  opaque  white  substance,  like  soft  ointment,  which  consists 

oroken-up  epithelial  cells  which  have  undergone  fatty  degeneration. 

Bpilkry  vessels  overspread  them;   and  their  ducts   open   on 
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either  the  surface  of  the  slcin,  close  to  a  hair,  or»  which  is  more  nsoal,] 
directly  inta  the  follicle  of  the  htiir.  In  the  latter  case,  there  are  genet* I 
ally  two  or  more  ghmds  to  each  hair  (fig,  312), 

Hain~A  hair  is  pradaced  by  a  peculiar  growth  and  modification  ( 
the  epidermis.  Externally  it  is  covered  by  a  layer  of  fine  scales  cloaelfl 
imbrieated,  or  overlapping  like  the  tiles  of  a  house,  but  with  the  tretm 
edges  turned  upward  (fig,  314,  a).  It  is  called  the  cuticle  of  the  hMr,[ 
Beneath  this  is  a  much  thicker  layer  of  elongated  homy  cells,  closely  I 
packed  together  so  as  to  resemble  a  fibrous  structure.  This,  very  oom-l 
monly,  in  the  human  subject,  occnpit  a  the  whole  inside  of  the  hair;  \mi\ 
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Ttx.  811— TiTin»t'i?rw*WM7tion  of  A  bair  liiHi  halr4<Wlk'leiii(Miebelowtheop**nlnjf  of  tlw*^ 
{Flai.u     a^  iiiiHtulla  or  pUh  of  the  lifitr;  h.  fHimtm  Uvi*r  or  i?ortt*x;  r,  ctittrle:  r/,  Huxley '»  Inyer:*] 
Heiilr'u  layti»r  mf  liit*'maJ  r*Hit-slje4iitli;  /and  g.  layers  of  external  rool-ftWatli,  outjiid43  of  g  U  nUgl' 
la.v**i*.  or  ''  glamy  luetiihrane/'  which  i»  fquivAleat  to  ttu»  baaetnetit  meuibratie;  Ai,  fibmus  totl  < 
luLlraac:  f*,  vessels.    (CntllRt.j 

in  some  cases  there  is  left  a  small  central  spaco  filled  by  a  su 
culled  the  wff/w//// or  ;j/M,  composed  of  email  collections  of  irregid; 
shaped  cells^  coTitainin^  sometimes  pigment  granules  or  fat,  bnt  m 
air. 

The  follicle,  in  which  the  root  of  each  hair  is  contained  (fig.  31 
forms  a  tubular  depression  from  the  snrfjice  of  the  skin, — de&cendiH 
into  the  subcutaneous  fat,  generally  to  a  greater  depth  than  the  sudoi^ 
iferoua  glands,  and  at  its  deepest  part  etilnrging  in  a  bulbous  form,  anJ^ 
often  curving  from  its  previous  rectilinear  course.  It  is  lined  throagh* 
ont  by  cells  of  epithelium,  continuous  with  those  of  the  epidermis, hiA 
its  \7all8  are  formed  of  }>el lucid  membrane,  which  commonly  in  tb^ 
follicles  of  the  largest  hairs  bji*  the  structure  of  vascular  fibrous  tii 
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kt  the  bottom  of  the  follicle  is  a  small  papilla,  or  projection  of  ti-ue 
skin,  and  it  is  by  the  prodiiction  and  outgrowth  of  epiilermal  cells  from 
the  surface  of  this  psipil la  thsit  the  hair  ia  formed.  The  inner  wall  of 
the  follicle  is  lined  hy  epidermal  f:el]s  con  tin  nous  with  those  covering 


c3^ 


Fl^.  ai4»— Surface  of  a  white  hitir,  Tiinfrniflec]  100  diametem,    Tlie  wave  lines  mark  t1i(*  upper  or  free 
iMl^es  of  tlie  cnrrical  ik:iLl($9.    B,  ftf^paralpd  scaleii,  ma^irknl  HW  dlBjneit»r».    t^KO Hiker.) 

the  g-eneral  surface  of  the  skin;  as  if  indeed  the  follicle  had  been  formed 
hy  a  Bimple  thrusting  in  of  the  surface  of  the  integument  (fig,  315), 
Tills  epidermfil  lining  of  the  hair-folli<'le,  or  rmi-^sheaih  of  the  hair,  is 
composed  of  two  layers,  the  inner  one  of  which  is  so  moulded  on  the 
imbricated  scaly  cuticle  of  the  hair,  that  its  inner  surface  becomes  im- 
bricated also,  but  of  course  in  the  opposite  direction.     When  a  hair  is 

wt3n  ef   ^ 


iUadwt  ; 


'i»'i">!i1  section  of  ft  hair  follicle,    a,  Strafum  of  Mftlpighl,  deep  lA.v«r  fonnJae 

■:  tul  continued  to  tht^  mirfaois  of  tlie  papillA  to  form  the  meduilary  slieaui 

rtuii  r<ilK>ath  ;  c.  iDieniai  rootubeaUi;  ri,  (Ibroid  nheatl]  of  the  hkkr\  «*, 

^ .  ;dlla;  /,  luUr  papLHa;  g,  blood-Te»i6l8  of  the  iuiir-papUta;  A,  llbro-TaBcular 


»Jleci  oat,  the  inner  layer  of  the  root-sheath  and  part  of  the  outer 
rer  also  are  commonly  pulled  out  with  it. 

Nails. — A  ujiil,  like  a  hair,  is  a  peculiar  arrangement  of  epidermal 

Igy  the  undermost  of  which,  like  those  of  the  general  surface  of  the 

egnment,  are  rounded  or  elongated,  while  the  superficial  are   flat- 

40cl,  ^tid  of  more  horny  cansistence.     That  specially  modified  portion 
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of  the  coriiim,  or  true  skin,  by  which  the  nail  is  secreted  is  called  the 
mcUrix, 

The  back  edge  of  the  nail,  or  the  root  as  it  is  termed,  is  received  into 
a  shallow  crescentic  groove  in  the  mcUrix,  while  the  front  part  is  free 
and  projects  beyond  the  extremity  of  the  digit.  The  intermediate  por- 
tion of  the  nail  rests  by  its  broad  under  surface  on  the  front  part  of  the 
matrix,  which  is  here  called  the  bed  of  the  nail.  This  part  of  the  matrix 
is  not  uniformly  smooth  on  the  surface,  but  is  raised  in  the  form  of 
longitudinal  and  nearly  parallel  ridges  or  laminae,  on  which  are  moulded 
the  epidermal  cells  of  which  the  nail  is  made  up. 

The  growth  of  the  nail,  like  that  of  the  hair,  or  of  the  epidermis  gen- 
erally, is  effected  by  a  constant  production  of  cells  from  beneath  and 
behind,  to  take  the  place  of  those  which  are  worn  or  cut  away.  Inas- 
much, however,  as  the  posterior  edge  of  the  nail,  from  its  being  lodged  in 
a  groove  of  the  skin,  cannot  grow  backward,  on  additions  being  made 
to  it,  so  easily  as  it  can  pass  in  the  opposite  direction,  any  growth  at  its 
hinder  part  }>ushes  the  whole  forward.  At  the  same  time  fresh  celli 
are  added  to  its  under  surface,  and  thus  each  portion  of  the  nail  becomes 
gradually  thicker  as  it  moves  to  the  front,  until,  projecting  beyond  the 
surface  of  the  matrix,  it  can  receive  no  fresh  addition  from  beneath,  and 
is  simply  moved  forward  by  the  growth  at  its  root,  to  be  at  IvlsI  worn 
away  or  cut  off. 

Functions  of  the  Skin. 

The  function  of  the  skin  to  be  considered  in  this  chapter  is  that  of 
the  excretion  of  tin*  sweat.  The  fluid  secreted  by  the  sweat-glands  ii 
usually  formed  so  gradually  that  the  watery  portion  of  it  escapes  by 
evaporation  as  fast  as  it  roaches  the  surface.  Hut  during  strong  eIe^ 
cisc,  exposure  to  gro.it  external  warmth,  in  some  diseases,  and  whai 
evaporation  is  prevented,  the  secretion  becomes  more  sensible,  and 
lects  on  tlio  skin  in  the  form  of  drops  of  fluid. 

I'lie  pers/nrafion,  as  the  term  is  sometimes  employed  in  physiology^ 
includes  all  that  portion  of  the  secretions  and  exudations  from  theskii 
which  passes  off  by  evaporation;  the  aweot  includes  that  which  maybe 
collected  only  in  drops  of  fluid  on  the  surface  of  the  skin.    The  two, 
terms  are,  however,  most  often  used  synonymously;  and  for  distinctioi, 
the  former  is  called  inaensihle  perspiration;  the  latter,  ^ew^iWc  perspi* 
tion.    The  fluids  are  the  same,  except  that  the  sweat  is  commonly  mingW 
with  various  substances  lying  on  the  surface  of  the  skin.     The  conteni 
of  the  sweat  are,  in  i)art,  matters  capable  of  assuming  the  form  of  v»] 
such  as  carbonic  acid  and  water,  and  in  part,  other  matters  which 
deposited  on  the  skin,  and  mixed  with  the  sebaceous  secretions. 

The  secretion  of  the  sebaceous  glands  and  hair-follioles  consieti 
cast-off  epithelium  cells,  with  nuclei  and  gmnules,  together  with  an 
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extractiye  matter,  and  atearin;  in  certain  parts,  also,  it  is  mixed 
peculiar  odorous  principle,  which  contiiinis  caproic,  butyric,  and 
sids.  It  is,  perhaps,  nearly  similar  m  composition  to  the  unctu- 
ting,  or  vernix  cti^eom,  which  is  formed  on  the  body  of  the 
rhile  in  the  uterus,  and  which  contains  Urge  quantities  of 
f  flit.  Its  purpose  seems  to  be  thid  of  keeping  the  skin  moist 
iple,  and*  by  its  oily  nature,  of  both  hindering  the  evaporation 
e  surface,  and  guarding  the  akin  from  the  effects  of  the  long- 


^MP^ 


Ttg.  31IL— BetMMseous  ^lantl  from  Inmian  skin.     (KleiD  and  Nobto Smltll.) 

led  action  of  moisture.  But  while  it  thus  serves  local  purposes, 
lOval  from  the  body  entitles  it  to  be  reckoned  among  the  excre- 
f  the  skin. 

Chemicai>  Composition  of  Bw^kat. 

F'^ater  .995 

liiis  — 
Ori^ic  Aciil^i  (formic,  ae«nic,  butjTic,  pro-  (         ^ 


pioQic,  caproir,  uMjiryHc)             .  .            j 

Salta^  chietly  »o<liiini  cliloride  .  .         ,         ,1.8 

Neutral  fat«  and  ^.-hole^terio            .  .         .           ,7 

E^tnu!tives  (iD€liidiiig  ureu),  witli  epithelium     1.6 


5 

lOOD 


r 

Sweat  is  a  colorless^  slightly  turbid  fluid,  alkaline,  neutral  or 
«actiun,  of  a  mikiah  tjiate,  und  peculiar  chiiracteristic  odor, 
ibe  B©vcral  subs  tan  ces  it  contiiins,  however,  only  the  carbonic  acid 
ier  need  particular  consideration, 

ery   Vapor. — The  quantity  of  watery  vapor  excreted  from  the 
3* 
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skin  is  on  an  average  between  1^  and  2  lb.  daily  (abont  1  kilo).    Tb; 
subject  has  been  very  carefully  investigated  by  Lavoisier  and  Seqnii 
The  latter  chemist  enclosed  his  body  in  an  air-tight  bag,  with  a  mmA 
piece.     The  bug  being  closed  by  a  strong  baud  above,  and  the  moiid| 
piece  adjusted  and  gummed  to  the  skin  around  the  mouth,  he  wi 
weighed,  and  then  remained  quiet  for  several  hours,  after  which  til 
he  was  again  weighed.     The  difference  in  the  two  weights  indicated  ■ 
amount  of  loss  by  pulmonary  exhalation.     Having  taken  off  the 
tight  dress,  he  was  immediately  weighed  again,  and  a  fourth  time  ai 
a  certain  interval.     The  difference  between  the  two  weights  bistai 
tained  gave  the  amount  of  the  cutaneous  and  pulmonary  exhalation 
gether;   by  subtracting   from   this   the   loss  by  pulmonary  exhaliti 
alone,  while  ho  was  in  the  air-tight  dress,  he  ascertained  the  amoont 
cutaneous  transpiration.     During  a  state  of  rest,  the  average  lev 
cutaneous  and  pulmonary  exhalation  in  a  minute,  is  eighteen  gnuflih 
the  minimum  eleven  grains,  the  maximum  thirty-two  grains;  and  of 
eighteen  gniins,  eleven  pass  off  by  the  skin,  and  seven  by  the  Inngi. 

The  quantity  of  watery  vapor  lost  by  tninspiration  is  of  course  in 
enced  by  all  external  circumstances  which  affect  the  exhalation  & 
other  evaporating  surfaces,  such  as  the  tcmpeniture,  the  hygroi 
state,  and  the  stillness  of  the  atmo8])here.  But,  of  the  variatioM 
which  it  is  subject  under  the  influence  of  these  conditions,  no  calco 
tion  has  been  cxju^tly  made. 

Carbon ir  AritL — The  (juantity  of  rarhonic  acid  exhaled  by  the 
on  an  average  is  about  jjy  to  ^Jq  of  that  furnished  by  the  pulmo 
respiration. 

Tlio  ciitanet)us  exhjiUiti(>n  is  most  abundant  in  the  lower  classes  of  aniai 
more  particularly  the  iiakiMl  Aiiipliihia.  jus  frogs  and  t(»nds,  whose  skin  isthisl 
moist,  and  readily  iH^rui its  an  interchange  of  gases  between  the  bliXKici 
in  it,  and  the  surrounding  atmosphere.  Bischoff  foimd  that,  after  the  li 
frogs  liad  been  tied  and  cut  out.  alxiut  a  (piarter  of  a  cubic  inch  of 
acid  gas  wjus  exhaled  by  the  skin  in  eight  hours.  And  this  quantity  if 
large,  when  it  is  r(MiiemlHTe<l  that  a  full-sized  frog  will  generate  onlvil 
half  a  cubic  inch  of  carbonic  acid  by  his  lungs  and  skin  together  in  sixh 

The  importance  of  the  resjdratory  function  of  the  skin,  which  WM 
thought  to  be  proved  by  the  speedy  death  of  animals  whose  skins,  after  rei 
of  the  hair,  were  covered  with  an  imiK»rmeable  varnish,  has  been  shoWI 
further  ol>servations  t^>  have  no  foundation  in  fact ;  the  immeiiiate  ca«i 
death  in  such  cases  being  the  loss  of  t^'Uijierature.  A  vamisheti  animal  ill 
to  have  suffered  no  harm  when  surrounded  by  cotton  wadding,  and  to  liavei 
when  the  wadding  was  removed. 

Influence  of  the  Nervous  System. 

The  secretion  of  sweat  is  closely  connected  with  the  quantity  of  bh 
flowing  through   the   cutaneous   vessels.      The  quantity   of  sweat 
creases  with  vaso-dilatation  and  diminishes  with  vaso-constriction. 
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)  practically  certain  that  the  sweat- glands  are  also  under  the  control 
I  e^erent  impulaea  passing  to  them  from  the  special  sweat  centres 
I  the  hraio  and  spinal  cord  through  special  sweat  neryes.  Thus,  if 
16  sciatic  nerve  be  divided  in  a  eat  and  the  periphefal  end  be  stim- 
lated  j  beads  of  sweat  are  seen  to  appear  upon  the  pad  of  the  correspond- 
ig  foot,  although  at  the  same  time  the  blood-vessels  are  constricted  or 
fhile  the  aorta  is  pressed  upon,  whereas  if  atropin  have  been  injected 
irevionsly  to  the  stimulation,  no  sweat  appears,  although  dilatation  of 
Bie  vessels  be  present.  Secretion  of  sweat,  too,  may  be  re^exly  bsonght 
ibout. 

The  circulation  of  venous  blood  in  the  spinal  bulb  causes  the  sweating 
f  phthisis  and  of  dyspnoea  generally,  by  stimulating  the  aweat  centre. 
t  the  cat  whose  sciatic  nerve  is  divided  be  rendered  dyspnoeic,  abundant 
•reat  occurs  upon  the  foot  of  the  uninjured,  and  none  on  the  injured 
ide.  The  effect  of  heat  in  producing  sweating  may  be  both  local  and 
eneral,  and  again,  the  various  drugs  which  produce  an  increased  aecre- 
ion  of  sweat  do  not  all  act  in  the  same  way;  thus,  there  is  reason  for 
linking  that  pihcarpin  acts  upon  the  local  apparatus,  that  strychnia 
Dd  picrotaxin  act  upon  the  aweat  centres,  and  that  nicoiin  acts  both 
pon  the  central  and  upon  the  local  apparatus* 
The  special  sweut-nerves  appear  to  issue  from  the  spinal  cord,  in  the 
B  of  the  hind  limb  of  the  eat  by  the  last  two  or  three  dorsal  and  first 
>  or  four  lumbiir  nerves,  pass  to  the  abdominal  8ym})athetic  and  from 
l^nce  to  the  sciatic  nerve.  In  the  ease  of  the  fore  limb,  the  nerves 
ive  the  cord  by  the  5th  and  Gth  cervical  nerves  into  tlie  thoracic  sym- 
itbetic,  and  then  join  the  brachial  plexus,  reaching  the  arm  through 
(e  median  and  ulnar  nerves. 

It  will  be  as  well  to  repeat  here  the  other  functions  which  the  skin 
fbserves.  In  addition  to  its  excretory  office,  we  have  seen  that  it  acts 
a  channel  for  ahmrplion.  It  ia  also  concerned  with  a  Bpecial  sense, 
L,  that  of  touch,  to  the  consideration  of  which  as  well  as  to  its  fnnc- 
m  of  reffnlating  the  tefnperature  of  the  body  we  shall  presently  return. 
should  be  recollected,  however,  that  apart  from  these  special  futie- 
lis,  by  means  of  its  toughness,  flexibility  and  elasticity,  the  akin  is 
linently  qualified  to  serve  as  the  general  integument  of  the  body,  for 
fending  the  interiiiil  parts  from  external  violence,  while  readily  yield- 
f  and  adapting  itself  to  their  various  movements  and  changes  of 
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CHAPTER  XIV. 

MUSCLENERVB  PHYBIOLOQT. 

Qhetnical  Composition  of  Muscle. 

Thb  mnsoles  make  up  abont  one-half  of  the  total  body  weight    T 

principal  substance  which  can  be  extracted  from  muscle,  when  examim 
after  death,  is  the  proteid  body,  Myosin^  some  of  the  reactions  of  whi 
have  been  already  discussed,  p.  116.  This  body  appears  to  bear  som 
what  the  same  relation  to  the  living  muscle  as  fibrin  does  to  the  lirii 
blood,  since  the  coagulation  of  muscle  after  death  is  due  to  the  formstk 
of  myosin.  Thus,  if  coagulation  be  delayed  in  muscles  removed  imn 
diately  from  recently  killed  animals,  by  subjecting  them  to  a  temperatm 
below  0°C.,  it  is  possible  to  obtain  from  them  by  expression  a  viad 
fluid  of  slightly  alkaline  reaction,  called  muscle-plasma  (Kuhne,  HaS 
burton).  And  muscle  plasma,  if  exposed  to  the  ordinary  temperataref 
the  air  (and  more  quickly  at  37°-40°  C),  undergoes  coagulation  moA 
in  the  same  way  as,  under  similar  circumstances,  does  blood  plasn^ 
separated  from  the  blood  corpuscles  by  the  action  of  a  low  temperataw 
The  appearances  presented  by  the  fluid  during  the  process  are  also  Teq 
similar  to  the  phenomena  of  blood-clotting,  viz.,  that  first  of  all  aniai 
creased  viscidity  appears  on  the  surface  of  the  fluid,  and  at  the  sidescj 
the  containing  vessel,  which  gradually  extends  throughout  the  entai 
mass,  until  a  fine  transparent  clot  is  obtained.  In  the  course  of  soBi 
hours  the  clot  bopins  to  contract,  and  to  squeeze  out  of  its  m(^hes  aflaiJ 
corresponding  to  blood-serum.  In  tlie  course  of  coagulation,  therefoW 
muscle  plasma  separates  into  mnsrle-dot  and  mvsde'Serurn.  The  mnsc 
clot  is  the  substance  myosin.  It  differs  from  fibrin  in  being  easily  soluli 
in  a  2  per  cent  solution  of  hydrochloric  acid,  and  in  a  10  per  cent  oil 
tion  of  sodium  chloride.  It  is  insoluble  in  distilled  water,  and  its  soil 
tions  coagulate  on  application  of  heat.  It  is  in  short  dkglobulm,  Dnri? 
the  process  the  reaction  of  the  fluid  becomes  distinctly  acid. 

The  coagulation  of  muscle  plasma  cannot  only  be  prevented  by  ooi 
but  also,  as  Halliburton  has  shown,  by  the  presence  of  neutral  salts 
certain  proportions;  for  example,  of  sodium  chloride,  of  magnesiit 
sulphate,  or  of  sodium  sulphate.  It  will  be  remembered  that  this 
also  the  case  with  blood  plasma.  Dilution  of  the  salted  muscle  plad 
will  produce  its  slow  coagulation,  which  is  prevented  by  the  presence 
the  neutral  salts  in  strong  solution. 

It  is  highly  probable  that  the  formation  of  muscle-clot  is  due  to  th 
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3  of  a  ferment  {myosin-ferment).  The  antecedent  myosin  in  Hv- 
icle  baa  received  the  name  of  myosinmfen^  in  the  same  way  as  the 
arming  element  in  the  bkjod  is  called  fibrinogen.  Myosinogen 
iver,  made  \\\\  of  two  globulins,  which  coagulate  at  the  tempera- 
f  C-  and  Sti"  C.  respectively.  Myosin  may  also,  m  vie  Imve  before 
led,  p.  482,  be  obtained  from  dead  muscle  bv  subjecting  it,  after 
>lood,  fat,  and  fibrous  tissue,  ajul  BuWtnnres  j^ohible  in  water  have 
moved,  to  a  10  per  cent  solution  of  Bodiurn  chloride,  or  5  per 
ution  of  magnesium  sulphate,  or  10  to  15  per  cent  solution  of 
Luni  chloride,  filtering  and  allowing  the  filtrate  to  drop  into  a 
tity  of  water;  the  myosin  separates  out  as  a  white  fioccnlent 
te. 

•f  remarkable  fact  with  regard  to  the  properties  of  myosin  has 
jmonstrated  by   Halliburton,  namely,   that  a  solution  of  dead 
in  strong  neutral  stdinc  solution,  possesses  very  much  the  Siime 
les  as  muscle  phisnia,  antl   that  if  diluted  with   twice  or  three 
bulk  of  water,  myosin  will  separate  out  m  a  tht^  which  clot  can 
liBSoIved  in  a  strong  neutral  saline  solution,  and   the  solution 
made  to  clot  on  dilution.     This  process  can  often  be  re- 
but in  the  fluid  which  exudes  from  the  clot  there  is  no  proteid 
Myosin  when  dissolved  in  neutral  saline  fluids  is  converted  in- 
n,  but  reappears  on  dilution  of  the  fluid,     Mu8C!le  clot  is 
re  myosin;  but  it   appears  tu  be  combined   with  a   certain 
i  salts,  for  if  it  be  freed  of  salts^  especially  of  those  of  calcium, 
ged  dialysis,  it  loses  its  solubility.     If  a  small  amount  of  cal- 
Jts  be  added,  however,  it  regains  that  projierty. 
de  serum  is  a('id  in  rcactiun,  and   almost  colorless.     It  contains 
iteid  bod i es,  v  i  /..  —  [u )  A  f^hh  it  fin  ( mifwjhb  u  Iin)^  which  can  be  pre- 
i  by  saturation  with  sodium  chloride,  or  magnesium  sulphate,  and 
%n  he  coagulated  at  fur  C,  (145''  F.).      (h)  Sernm'fiihftmhi  (mf/o- 
),  wh it'll  coaiJtulates  at  7'-^"  0.  (Uj^"*  F.),  but  is  not  preeipitatod 
ration  with  either  of  those  salts.     And    (r)  Mtfo-albumose^  which 
&r  precipitated  liy  iieat,  nor  by  saturation  with  sodium  chloride 
lesiura  sulphate,  but  may  be  precipitated  by  saturation  with  am- 
t  sulphate.     It  is  closely  connected  with,  even  if  it  is  not  itself, 
!ferment     Neither  casein  nor  peptone  has  been  found  by  Halli- 
n   muscle  extracts.     In   extracts  of   m uncles,   especially  of  red 
fihere  is  a  certain  amount  of  Hmmmjhbin^  and  also  of  a  pigment 
&  muscle,  called  by  McMunn  Mijohwmatia^  which  has  a  spectrum 
itinct  from  hienu^tglobiu,  viz.,  a  narrow  hand  just  before  D,  two 
row  between  D  and  E,  and  two  other  faint  bands,  nearly  violet, 
between  E  and  F  close  to  F. 
dition  to  muscle  ferm4}nh^  already  mentioned,  muBcle  extracts 
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contain  certain  small  amonnts  of  pepsin  and  fibrin  fermmU^  and  alio  n 
amyhlytic  ferment 

Certain  adds  are  also  present,  particularly  sarco-lactic,  as  well  a 
acetic  and  formic. 

Of  carbohydrates,  glycogen  and  glucose  (or  maltose),  also  inosite. 

Nitrogenous  crystalline  bodies,  such  as  kreoHnykreatininjZantkin^ 
hypO'Xanihin^  or  carnin,  taurine  urea^  in  very  small  amount,  vric  aeU 
and  inostnic  acid. 

SaUs^  the  chief  of  which  is  potassium  phosphate. 

Muscle  at  Rest 

Physical  Condition. — During  rest  or  inactivity  a  muscle  has  a  sli^tJ 
but  very  perfect  Elasticity;  it  admits  of  being  considerably  stretched, | 
but  returns  readily  and  completely  to  its  normal  condition.     In  the  lif-j 
ing  body  the  muscles  are  always  stretched  somewhat  beyond  their  natnnlj 
length,  they  are  always  in  a  condition  of  slight  tension;  an  arrangemeiil| 
which  enables  the  whole  force  of  the  contraction  to  be  utilized  in 
proximating  thoi)oiuts  of  attachment.     It  is  obvious  that  if  the  mns 
were  lax,  the  first  part  of  the  contraction  until  the  muscle  became  tig 
would  be  wasted. 

There  is  no  doubt  that  even  in  a  condition  of  rest  Oxygen  is  abstr 
froih  the  bloody  and  carbonic  acid  is  given  out  by  a  muscle;  for  the  blood| 
becomes  venous  in  the  transit,  and  since  the  muscles  form  by  far 
largest  element  in  the  composition  of  the  body,  chemical  changes  mm 
be  constantly  going  on  in  them  as  in  other  tissues  and  organs,  althoQi 
not  necessarily  accompanied  by  contraction.     When  cut  out  of  the  I 
such  muscles  retain  their  contractility  longer  in  an  atmosphere  of  oxygi 
than  in  an  atmosphere  of  hydrogen  or  carbonic  acid,  and  during  life,! 
amount  of  oxygen  is  no  doubt  necessary  to  the  manifestation  of  enei 
as  well  as  for  the  metabolism  going  on  in  the  resting  condition. 

The  reaction  of  living  muscle  in  a  resting  or  inactive  condition  I 
neutral  or  faintly  alkaline. 

In  muscles  which  have  been  removed  from  the  body,  it  has  been  fa 
that  for  some  little  time  electrical  currents  can  be  demonstrated 
from  point  to  point  on  their  surface;  but  as  soon  as  the  muscles  die  < 
enter  into  rigor  mortis,  these  currents  disappear. 

The  demonstration  of  muscle  currents  is  usually  done  as  follows : — The  i 
muscles  are  the  most  convenient  for  experiment;  and  a  muscle  of 
shape,  in  which  the  fibres  are  parallel,  is  selected.     The  ends  are  cut 
clean  vertical  cuts,  and  the  resulting  piece  of  muscle  is  called  a  regular  \ 
prism.     The  muscle  prism  is  insulated,  and  a  pair  of  non-polarizable  ele 
connected   with   a  very  delicate  galvanometer    (fig.  817)  is  applied  to  ^ 
points  of  the  prism,  and  by  a  deflection  of  the  needle  to  a  greater  or  less  < 


I  upoo  I 

t  Itoi 


UT,     (Th^^mmn.)     A.  Tht»  i^ahuui. mister,  which  consliU  of 

iiHp^Miib.i  by  rt  flue  hiiir  frniii  a  supfKtrt.  «<>  rlmt  i^uoh  set  of 

ij  .-.^piw  I-  \^  ire.  xhni  foiiuinK  Uie  lower  tml  in  WiHiud  lu  nn 

Um    ii|.[.,  I        sn.u  lif.l   to  the   iij)|H*r  s^t  of  tii^nlk'^  (»  u  Ktimll  indrror  nbout 

iliK*  Uk1i(   fnuii   [lu'  Ijixnp  at  Ti  is  tlirowri  upon  llifn  litth'  inirror,  an^]  in  re- 

••  oil  tin*  orli'T  hidt*  u(  li,  rsot  Rhown    In  lijijiiri'.    The  n^ils  if  /  nr*"  arritu^^vd 

lu'Pits,  atj^i  rVi+'irends  ah"  earrUnl  tf>  the  bjmliiii;  sK'ivws.     T^u-  whole  nptkiiratiift  ia 

vulcanitr  i»]at+'  (jifitliU*  of  Iteing  h'vt*ll*xl  hy  fh**  tttrew  sripfjortH,  and  m  eitveriHi 

irnJ  itKt^'^  >;hndc,  L,  the  cover  r^f  whieh  Is  also  uf  hrn*H,  ami  stinjMji1«  a  lu'iu^  rod 

;      "  '   rill  vnl  riiajcfriet,  n*.     V  in  the  Khunt  hy  iJU:*aiiK  of  uhieh  the  anionnt  of 

^^alvatHimetor  may   Ik?  re^ulatetL     When  in  nwe  ihe  H..'nh*   it^   plaei^d 

pulvanoineter,  wliidi  Is  iirraii^ed  ert,st  ami  went,  the  lamp  is  ll^'htorl« 

'  --Hint;,  niirj  the  li^ht  I'min  tlie  \mnp  is  a^JJaNUHl  to  fall  npoii  it,  atul  ll  In 

I  he  H'Hicri-4  spot   of   \i]cUi    from   ft.  ffUls  ii|h>ii  tlie  Zf*ro  of  the  seale.      The 

!  irii^riMc  <'!-'«'!  nnhrp,  t^'nihiii^  th+»  niiii^HLU'  are  attwhe^I  Uy  th<*  outer  hliullnijs 

r*  rvrfjlnyr  for  nhort  cirenttin^r.  fw  If  a  jHitihrn  only  of  the 

'T,  tilt*  shunt,  nhfuikj  irit*TVKtip  as  wrll  with  the  nTi[>m|iHiite 

rlit'  iralvaiJottieU^r  ttie  m^v1h>H  ami,  witli  tliem,  tW  mirror, 

i»»- 1  i  1  <'r  I'  K  .n  1   .MiiniL,' ti>  tJh,e  dirtxtiim  of  tht*  eiirrHnt.     Tlif^  amount  of  the  dci- 

I  oJ  is  marked  on  the  ^alo  by  th*?  spot  of  light  tnivelllo*:  aJou^;  It, 

[jfnt,  and  ttttM  to  a  Bw^kt't  oapohle  of  iiiovemeiat,  nml  attiichetl  to  a  stimtip 
tliat    it   can   be  raiB^^tl  ur  IuwjtimI  lis  rtM|uirHi.     Tiro  lo\vi»r  iM_*rtitiJi  uf  tlio 

fm  liUffii  with  cliiDa  clay  niuistenttl  with  Hjiliiio  hohition,  part  of  wliir-h 
through   itfi  drawn-out  point ;  tlw  rt-bt  uf  tlit-  cylinder  is  fitted  with  a 
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saturatfKl  aolutfon  of  zinc  sulphate  into  which  dipe  a  well  amolgamatil 
of  «inc  ronni^n^^d  by  tnt'an»  of  a  wire  with  the  galvanometer  In  tit 
the  7Jdc  Hutphat«  foniu^  a  homogonH>iiH  and  tion  polarisable  conductor  h 
the  zinc  aod  the  china  clay.  A  second  electrode  of  the  same  kind  is,  of  i 
neceea&ry. 


flit.  Hfi,— l>i*<!Tfttn  of  f>u  B43li4  Rf'Vmomrs  iion-iKilftriKabl^  *»hM'TrMlvs  n    ClftA  tuli^ 

wttJi  «  iifLttirAt4»<)l  jbiliition  «if  fMt:  NulphaU\  in  tho  *»nd.  <%  of  whieJi  (i*im 

point;  in  thi«  Nolnlion  a  w»>ll  KniA]l^ttinaU'<)  zinc  nul  id  tmmt?r»ed  nn  ;rt«»nl 

wim  wliieh  iKUMen  thrc^ug-h  a^  with  the  j^lviirioin**l'er.     The  rematiti  it  us  til 

fnr  convenlt'iici*  of   apiilicatiou.     The    luu^le  ituil  Lho  end  of  the  second  electrode  ( 
Tifihi  of  thi"  ifl^nir^. 

In  II  regular  imisclo  prism  the  cnrrents  are  found  to  bo  aa  foUol 

If  from  a  point  iu  thesnrfuoe  aJiiie^ — tbeei|tmtor — be  drawn  acroi 

muscle  priain  equally  dividiug  it,  currents  ]m^^  from  this  point  to  ;j 

away  from  it,  which  are  weak  if  tbo  pumtd  aro  uear,  and  iucrem 


FIff.  SI9^'DiiiKrftni  of  the  currentJi  la  n  luutfde  t»rlauu    (Du  Bolt  tU^jmood.) 

strength  as  tho  points  are  further  and  further  away  from  the  eqi 
the  Btrongest  passing  from  the  equator  to  a  point  representing  the 
of  the  cut  ends  (fig,  319,  2);  currents  also  pass  from  points  ne; 
^uator  to  those  more  remoto  (tig.  31£),  1,  3,  4)»  but  not  from 
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teaally  distant  or  ijso-e!eetric  points  (fig.  311*,  6,  7,  8),  The  cut  eiida 
lie  always  negtiti  ve  to  tbe  eqimtor.  These  currents  are  constant  fur  soriie 
lime  after  renioviil  of  tho  musclu  from  tlio  boil y,  ant!  iii  fact  remain  m 
loTig  m  the  niuselo  retains  its  life.  They  aro  in  all  probability  due  to 
^chemical  changes  going  on  in  the  muscles. 

The  eurreiit;>urLT  climinisbed  by  fatigue  and  are  increased  by  an  increase 
of  leiiijieratorL*  within  imlund  limits,      if  the  unirijurod  teutlon  be  used  as 
tW  end  of    the   niussclc,   and    the    muscle    bo  examined  without  re- 
moval from   the  body,  the  en r rents  aro  very  feeble,  hut  they  are  at  once 
inucli  increased   by  injnrin^^  tlie  muscle,  as  by  cutting  oil  its  tendon. 
Tlie  la^t  observation  appears  to  show  that  tliey  are  right  who  believe 
that  tho  currents  do  not  exist  in  uninjured  muscles  ut  f<iiu^  but  that  in- 
ijun',  either   mechanical,  chemical   or  tliermaU  will   render   the  injured 
■pt  electrically  negative  to  other  points  on  the  muscle.     In  a  frog's 
n^^  it  has  been  shown,  ton,  that  no  currcTits  exist  during  its  inactivity, 
but  that  as  soon  as  it  is  injurtjd   in  any  way  thry  are  developed;  tho  in- 
Jjaied  part  being  negative  tu  iho  rest  of  the  muscle.     Tho  currents  which 
liave  Iiecn   above   descrdx^d  uro  called  islihev  nftft(ra I  muscle  currenis  or 
tvrrenh  of  rest ^  according  us  they  are  looked  upon  as  always  existing  in 
teQscle  or  as  developed  when  a  part  of  tho  nriiscle  is  subjected  to  injury; 
II  cither  case,  up  to  a  rertaiu  point,  it  is  agreed  that  tlie  streugtli  of  the 
piirtinU  is  in  direct  proportion  t«i  the  injury. 

^^flie  property  of  muscular  tissue,  by  which  its  peculiar  functions  are 
jODercised,  is  hAContrtuiilitif^  which  is  excited  by  all  kinds  of  stimidi  ap- 
plied either  direetly  to  the  nuiscles,  or  indirectly  to  them  thrnugh  the 
be^Iiuni  of  their  motor  nerves.  Tliis  proj>crty,  altlumgh  comnuudy 
brought  into  action  through  tho  nervous  system,  is  inherent  in  th'3 
nnscular  tissue.  For — (L)  itnniy  be  manifested  in  a  muscle  which  is 
polatcd  from  the  iniluencxjof  thcnei'vmis  system  by  division  of  tho  nerves 
llpplying  it,  m  Umgm  the  natural  tissue  of  tho  muscle  is  duly  nourished; 
pd  (»*)  it  is  manifest  in  a  portitui  of  nniscular  jibrc,  in  which,  under 
be  fnicroBcojje,  no  ncrve-libre  can  he  traced.  (:).)  Substances  such  as 
irari^  which  paralyse  the  nerve-endings  in  muscles,  do  not  at  all  dimin- 
Ai  the  irritability  of  the  nnisclc  itself. 

(4.)  When  a  muscle  is  fatigued,  a  local  stimulation  is  followed  by  a 
9o traction  of  a  Bmall  part  of  tlie  fibre  in  the  immediate  vicinity  without 
aj  regard  to  tlie  distribution  of  nerve- fibres. 

The  Conditions  which  Affect  the  Irritability  of  Muscle — that 
[  its  readiness  of  response  to  stimuli — are  numerous.     The  chief  causes 
t variation  in  irritability  are  the  following: 
Blood- Supply. — The  irritability  of  muaclea  is  also  soon  lost,  unless  a 
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supply  of  arterial  blood  to  tbem  is  &ept  up.     Thus,  after  Ugatnre  of  ^ 
main  arterial  trunk  of  a  limb,  the  power  of  moyiug  the  muscles  is  ]r- 
tially  or  wholly  lost,  uutil  the  collateral  circulation  is  established; 
when,  in  animals,  the  abdominal  aorta  is  tied,  the  hind  legs  are    -^ 
dered  uhnost  powerless. 

The  same  fact  may  be  readily  shown  by  compressing  the  abdomini/ 
aorta  in  a  rabbit  for  about  10  minutes;  if  the  pressure  be  released  W 
the  animal  be  placed  on  the  ground,  it  will  work  itself  along  with  its  i 
front  legs,  while  the  hind  legs  sprawl  helplessly  behind.     Gradaalljtbe 
muscles  recover  their  power  and  become  quite  as  efficient  as  before. 

So,  also,  it  is  to  the  imperfect  supply  of  arterial  blood  to  the  muicoltf 
tissue  of  tlie  heart  that  the  cessation  of  the  action  of  this  organ  in  «r 
phyxia  is  in  some  measure  due. 

Fatigue. — The  irritability  of  muscle  is  decreased  by  undue  functional 
activity.  The  cause  of  the  diminished  irritability  is  twofold— when  i 
muscle  contracts,  part  of  its  substance  is  expended,  part  of  its  store  of 
nutriment  is  exhausted,  and  it  cannot  readily  contract  again  until  the 
loss  is  made  up.  To  this  extent  fatigue  is  much  the  same  in  itsefieci 
as  cutting  off  or  diminishing  the  blood-supply.  The  other  cause  for  the 
diminution  of  irritability  is  the  accumulation  of  poisonous  products  ii 
the  lymphatics  of  the  muscle — substances  generated  during  contraction. 

ISeparation  from  Central  Iservous  System. — Generally  a  muscle  begini 
to  lose  its  irritability  to  all  forms  of  stimuli  about  two  weeks  after  iti 
nerve  is  severed.  Within  a  short  time,  however,  its  readiness  of  re- 
sponse to  mechanical  stimuli  and  to  direct  battery  currents  is  height- 
ened, while  to  induction  shocks  it  is  lessened.  The  increase  of  irritir 
bility  reaches  its  niaxinuim  in  about  seven  weeks,  after  which  the 
irritability  to  all  forms  of  stimuli  diminishes,  until  it  is  completely  lost 
toward  the  end  of  the  seventh  or  eighth  month. 

The  loss  of  irritability  in  muscle  is  due  to  degenerative  changes  in 
its  protoplasm.     But  the  cause  of  the  degeneration  is  a  matter  of  con- 
troversy, being  considered  due  to  loss  of  trophic  influences  from  the 
central  nervous  system  on  the  one  hand,  and  to  circulatory  disturbancei, 
on  the  other. 

Use. — Not  only  irritability  but  strength  and  power  of  endurance  ii^ 
muscle  are  increased  by  use.  The  effect  of  properly  regulated  exercisei; 
on  muscles  is  too  well  known  to  need  more  than  bare  mention.  And, 
on  the  contrary. 

Disuse  leads  to  diminution  or  loss  of  irritability.  This  fact  is  famit^ 
iarly  shown  when  a  limb  is  disabled  for  a  time,  as  through  breaking  ij 
bone,  in  the  stiffness  of  the  muscles  and  the  slowness  with  which  thflf 
respond  to  the  will. 
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ItfHperature. — The  irritability  of  muacla  is  increased  by  raising  ita 
perature  filig fatly  above  that  of  the  auimul  ftuin  whicb  it  b as  been 
taken,  while  it  is  decreased  by  cooliwg*     If,  bowever,  the  to  mji  era  tore 
bruised  too  high  {Ab""  C.  for  frog,  60^  C.  for  mammal) »  the  muscle  en- 
tetiinto  a  condition  of  beat  rigor  and  its  irritability  ia  forever  loat. 
After  coolings  unless  tlie  cold  bo  too  severe  aud  prolonged,  the  irritabil- 
ity retuma  as  the  temperature  ia  raised.     The  effect  of  cold  on  irritabil- 
ity iBsliown  in  tbe  superficial  muaclea  of  the  face  in  winter, 
^  Chink  ah  and  Drugs  ^ — Most  chemical  substances  can  so  a   marked 
Hbratioo  of  irritability  in   muscle.     In  general   termSj  it  may  be  said 
I  ttit  those  which  prodiico  any  efTect  at  all  at  first  increafie  and  then 
diruinish  irritability. 

Mtdanical  stimuli  at  first  increase  and  then  diminish  tbe  irritability 
5^jmji>cle.     If  they  are  powerful  enoughj  tbe  muscle  is  destroyed. 
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The  power  which  muscles  jiossess  of  contraction  may  then  be  called 
forth  by  stimuli  of  various  kinds^  and  these  stimuli  may  .also  be  applied 
lireetly  to  the  muscle  or  indirectly  to  tbe  nerve  supplying  it.  Tbere  are 
listinct  advantages,  however,  in  applying  the  stimulus  to  the  nerve,  as 
liimore  convenient,  as  well  as  more  potent.  The  stimuli  are  of  four 
rindfi,  viz. : — 

(1.)  Mechanical  slimuU,  as  by  a  blow,  pinch,  prick  of  the  muscle  or 
k  nerve,  will  produce  a  contraction,  repeated  on  the  repetition  of  tbe 
Umulus;  but  if  applied  to  tlio  same  point  for  a  limited  number  of  times 
Uf,  as  Buch  stimuli  will  soon  destroy  the  irritability  of  the  preparation. 

(2,)  Thermal  iSfimnli. — ^If  a  needle  be  heated  and  applied  to  a  muscle 
f  it8  nerve,  the  muscle  will  contract.  A  temperature  of  over  45"  C. 
^3"^  F.)  will  cause  the  muscles  of  a  frog  to  pasa  into  a  condition  known 
I  heai  rigor. 

(3.)  Cli€inical  Stimuli, — A  great  variety  of  chemical  substances  will 
tdte  the  contraction  of  musdes,  some  substances  being  more  potent  in 
ritating  ibe  muscle  itself,  and  other  substances  having  moreeffect  upon 
le  nerve-  Of  the  former  may  bo  mentioned,  dilute  acide,  salts  of  cer- 
in  metals,  e,g.j  zinc^  copper  and  iron;  to  the  latter  belong  strong 
^cerin,  strong  acids,  aunnonia  and  bile  salts  in  strong  solution. 

(4-)  Electrical  iSiimnli, — For  the  purpose  of  experiment  electrical 
imuli  are  most  frequently  used,  as  the  strength  of  the  stimulus  may  be 
>re  conveniently  regulated.  Any  form  of  electrical  current  may  be 
[ployed  for  tliis  purpose^  but  galvanism  or  the  induced  current  is  usu- 
-  chosen. 
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GaJvanic  currents  are  uBimlly  obtained  by  the  employ  men  t  of  a  < 
current  battery  such  a^  that  of  DaiJiell.  by  which  an  elentrictti  cmreiit 
v-iiries  but  little  iu  iu tensity  is  obtained.  The  battery  (fig.  320)  consia 
f)t>sitive  platt*  <*f  well-anuil^anialed  zinc  immersed  in  a  porous  cell,  coot 
dilute  t*ulphuric  acid  ;  and  this  cell  is  agrain  coalained  within  a  large 
vessel  (foniiiiig  the  negati^'e  plate),  containiop  besides  a  saturated  soJui 
copper  swlphat**.  The  electrical  current  i»  iiiade  continuous  by  the  use 
two  lUiids  in  the  fulhivving  manner.  The  action  of  the  dilute  sulpburi 
upon  the  /Atie  plate  partly  dis^-olves  it  and  liberates  hydrogen,  and  th 
posses  tlirough  the  ixirous  vessel,  and  docomfjoses  the  copper  sulphate  into < 


ChSO- 
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Fljf  aao.-DiftgTttu^ 


(K'll*s  battAM-f. 


and  sulphuric  acid.     The  former  is  depositetl   u|hhi  the  copper  plate,  m 

hitter  passes  tlirougli  the  jxirous  ve^nsel  to  renew  the  sulphuric  acid  wl 
bein^  use  1 1  y|».  The  CMp|H*r  sulphate  suhuiun  is  n-uewed  by  spare  crys 
the  Kull.  vvhieh  are  kept  on  a  little  shelf  attaelNnl  to  the  eopjH»r  plat 
slij^htly  Wltiw  the  levt4  uf  thi-  soluttiiii  in  the  vt^aseL  Tlie  ciu-rent  of  ulec 
supplied  l*y  Ihis  lottery  will  rnntinue  without  variation  for  a  considerabli 
Other  ctiutinuoys  current  batteries,  such  iw  Grove's,  may  be  used  in  ji 
Daniell's.  The  way  in  which  the  appanvtus  is  arraugeti  is  to  attach  w 
the  copper  an<l  zinc  plates,  and  to  bring  them  to  a  kf^,  which  is  a  littli 
ratus  for  connecting  the  wires  of  a  Imttery,  One  often  emplrjy€*d  is  D 
Reyniond's  Uig.  B21)  ;  it  consiBts  of  two  pieces  of  brasH  about  an  inch  U 
tach  of  which  are  two  \ut\v»  furwin^Hfind  binding sci'ew,  Uphold  tiiem  t 
these  pieces  of  brass  an*  (ixed  upon  a  vuleanite  plate,  to  the  under  sui 
which  is  a  Hcrew  clamp  by  which  it  can  it^  s^'curetl  to  the  tablr.  The  i 
lw»tween  the  pieces  of  brass  can  be  hridgwl  over  by  means  of  a  thinl  1 
piece  of  similur  metal  fixed  by  a  sc^rew  to  one  of  the  brass  pieces,  and  i 
of  movement  liy  a  handle  at  ri^jht  anglen,  so  as  to  touch  the  other  | 
brafis.  Xf  the  wires  fivun  the  battery  are  brought  to  the  inner  binding  i 
and  the  bridge  connects  them,  the  currtot  paHSt>s  across  it  and  bud 
l»attery.  Wires  are  connected  with  the  out<T  binding  screws,  and  th 
ends  are  joined  tjogether  fur  about  two  inches,  but.  being  covered  exi 
their  {xj  in  Ls.  are  i  nan  la  ted ;  the  uncovered  ixnuts  are  about  on  eighth 
inch  aiKirt.  These  wires  are  the  c^ccf rmfc^,  and  the  electrical  stimulus  is 
to  the  muscle  through  theio.  if  tht-y  are  ]ilacf*d  l>ehind  its  nerve.  Wl 
connection  bu^tween  the  two  brass  plat^ti  of  the  key  is  broken  by  depreee 
handle  of  the  bridge,  the  key  iij  then  said  lo  bo  ojiened. 

An  induced  current  is  dcveh»i>ed  tiy  meana  of  an  apparatiafi,  called  an 
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cilled  the  primary  coi  1 .  The  ends  of  n  coi  I  of  finer  eovereil  w  i  re  g.  are  attached 
I  two  binding  s«;rt'AVH  t«>  the  h-f^  of  tln'  H«ur*\  nm*  only  of  whieh  is  visihle. 
Us  ii  thf^  st»condary  coil,  and  is  capable  of  Ix-iDg  tiiovtMl  neart^r  U^  c  along  a 
Oove  and  graduatetl  scale.  To  the  bindin;:^  >«.Tewa  to  the  left  of  r/,  the  wirea 
dea  lujed  to  stinaulate  the  niitsele  ar»^  attaclietl.     If  the  key  in  the  cir- 
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^w^ires  from  the  battery  to  the  primary  coil  (primary  circnit)  be  closed, 
jturent  from  tin'  Uittfry  panHes  iKrongh  tho  primary  coil,  and  acrosH  the 
\0  the  battcr>'.  and  continues  to  pa*>.s  an  hjiig  jus  the  key  ciintinues  clused- 
)m  momeDt  of  cloi^iire  of  tlie  key,  at  the  exact  instant  of  the  eompletioii  of 
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the  primary  circuit*  an  instaDtaneoua  current  of  electricity  is  induccHi  in  ihi| 
spcoudar}^  coil,  g,  if  it  bf*  suftitni*utly  near  and  in  line  with  the  primary  ooUi 
and   the   nearer   it   irt   to  (*,  tho  stronger   in  the  current   induct.     The  cu 
in  out  if  jnmnriitarif  in  duration  and  doea  not  continue'  during  the  whole  of  1 
periml  while  the   primar>'  circuit   is  complete.     When,  however,  the  priu 
current   Is   broketi   by  o[>ening  the  key,  a  second.  al8f>  momentary,  current 
induced  in  g.     Tlie  ft>rruer  induced  current  is  ci\lle*i  the  making  and  the  I 
the*  breaking  shock  ;  Ihc  former  is  in  the  opposite  direction  to,  and  tlie  latter! 
the  fiame  as,  the  primary  current. 

Tlie  indMeiion  coil  may  Im^  UKod  to  produce  a  rapid  series  of  shocks  by  roei 
of  atiotiier  nnd  acct^ssory  [mrt  of  the  apparatus  at  the  right  of  the  fig., 
the  magnet  if  interntpirr.  If  the  wirt»s  from  a  battery  are  connected  with  ( 
two  piilarsby  the  IjindiuK  t*ivrews.  one  l>elLiw  c,  aud  tlie  utlier,  ti,  thecoiimel 
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-pia^rAm  of  ilw  courm^  of  the  ciitTent  fn  the  mai^nettc  interropier  of  Du  Bab  I 
momrH  tnduetlan  coll.     (.Helniholat'a  mi>dificatlcm.) 


the  current  in  iudicattxl  in  fi^,  324,  the  dirtn^tinri  heinicc  indicated  hytliea 
The  current  ptisses  up  the  piihir  from  €\  and  along  the  spring*  if  the  end  of | 
18  clos<i  to  the  8priiig,  the  current  passes  to  the  primar}'  coil   c,  and  to  wll 
covering  two  iipriglit  pillars  *»f  soft  iron,  from  them   to  the  pillar  a,  and 
by  the  wirci*  to  the  iMitter}* ;  in  pitsaing  along  the  wire,  b,  tlie  soft  iron  is  ' 
vert^^d  into  a  magnet,  and  so  attraets  the  hatniuer,  /.  of  the  spring,  breaks! 
connect  ion  of  tiie  spring  with  d\  ami  ko  cutn  off  the  currt^nt  fnim  the  prin 
coil,  and  also  fri»ni  tlie  electrf>inrtgnft.     As  the  pillars,  h,  are  no  hunger 
net i Wit   the  spring   is  relensed,  and   the  current  piLsses   in  th«  first  directiflj 
and    is   in  like  manner  interruf>ted.     At  each  make  and  break  of   the  primii 
current,  currents  cnrreMjKitidmg  are  indueeil  in  the  secondary  coil.     Tlii^se 
rents  ore  opjiosite  in  direction,  hut  are  n<»t  tHpial   in  intensity,  the  hreait  ^h 
being  greater.     In   order  that  the  sbi>cks  should  lie  nearly  equal  at  the  i 
and  break,  a  wire  (fig.  ♦134.  e)  connects  f  and  f/ .  and  the  screw  if  is  raised* 
of  reach  of  tho  springs  and  d  is  raised  (ns  in  iig.   5*S4)»  b*>   that  part  of  the  ( 
rent  always  passes   throngh    the  primary  coil   and  electromagnet     When  t 
spring  touches  d,  the  current  in  b  is  diminished,  but  never  entirely  withdraw 
and   the  primary  current  is  altered   in  intensity  at  each  contact  of   the  «p  * 
with  d,  but  never  entirely  broken. 

Record  of  Muscular  Contraction  under  StimulL— The  muscles  of  the  trogi 
most  convenient  for  the  pur|x>ie  of  recording  con  tract  Ions.     Tlie  frog  is  piti 
that  is  to  say»  its  central  nervous  system  is  entirely  destroyed  by  the  in 
of  a  stout  needle  into  the  spinal  cord,  and  the  i^irts  atmve  it.     One  of  its  lo' 
extremities  is  used  in  the  following  tnanner.     The   large   trtmk   of  the 
nerve  is  dis^^ted  out  at  the  back  of  the  thigh,  and  a  pair  of  electa 


Wig,  SB5.— Arranwtnetit  of    the  apTiaratu«     iiec*»s«ttry  for  reconllin^   muAcle    contractions 

itb  m  revolviBi?  cyJinder  earrvine:  pmoktNl  pnjw*r.     A.  Rcvolvmi;?  <'>liticlt'r;  B.  tho  froft  ttrraujreti 

lOO  a  csork'Cnvffnetl  hofin:!  wh'ch  iH  impabli*  nf  belnji?  riii>*eiil  rvr   lowered,  uu  ttif  iipriit^hc,  which 

lo  can  be  movtHj  aJotif;  a  8oH<l  trianjiriilJir  ^Mlr  of  nieUal  jittAchiHl  to  th<*  Iwisc  of  tlit*  rtvonlirii^ 

(prti^Tri**  'the  t+^Tidoti  of  tln^  ifa-'^trmrtieniiuH  Ih  attiichtil  fo  tlu«  wHlitiij  lover,  |>n>fM^rly  v.eii!:ht*»<J, 

inr**.     The  ♦'lectrfklt^   from    the   seixmilary  coil   pasH  to  the  ajiprimtus— Ijelnn:.  fwr  the 

nvenieno^*,  first  of  atl  brought  tc*  a  key'  I»  (Dii  Boih  Reymond's):    C,  the  imductkin 

I"  battery  (in  thin  di^.  a  hU-hroiiiAt-e  one);  E,  the  key  (Morse'Hj  in  the  prhnary  circuit. 

isert«d  behinri  it.  T>io  t^^udo  achilliH  is  divided  ftnm  its  attachment  to  the 
I  ea!ci«,  and  a  li feature  is  ti^ditly  tieii  rodtid  it.  Tliis  ti^ndon  is  part  of  the 
ood  muscle  of  the  thigh  (gastrocDemiiis),  which   arise«  from  above  the  con* 
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dyles  of  the  femur.     Thp  femur  is  now  fixed  to  a  board  covered  with  m\.  | 
and   the   ligature   attachcnl   to  the   t<^ndon   is  tied   to  the  uprii^ht  nf  21  picw  * 
metal  bent  at  right  angles  (tig.  325,  B),  which  is  capable  of  roovemeut  aliounl 
pivot  at  its  knee,  the  horizontal  portion  carr%'ing  a  writing  lever  {ravojrrai^til. 
When  the  muscle  contracts,  the  lever    in   raised.     It    is  necessary   to  attach  ft  J 
emaH  weight  to  the  lever.     Iti  thin  arrangement  the  muscle  is   u*  situ,  and 
nerve  disturtied  from  ita  relations  nn  little  hh  ixwsible. 

The  muscle  may,  however,  be  detachecl  from  tl»e  body  with  the  lower  end  c 
the  femur  from  which  jt  arises,  and   th^^  nerve  going  to  it  may  l>e  tftkeo  awafj 
with  it.     The  femur  is  divided  at  atwMit  the  lower  third.     The  bone  is  held  itii 
firm  clamp,  the  nerve  is  plaretl   ufwm  two  electrodes  connected  witli  :ui  indue*' 
ti^m   apimratus,    and   the   lower  end  of  t}i.e  in ii^H^le  iirt  connected  by  means  of  1 1 
ligatnre  attaclRHi   to   it**  tendon   witb  a  lever  which  can  write  on  a  retxjnhng 
apparatus 

To  prevent  evaporation  this  ao-called  u*  1  r*  }u  u^de  prcparatimi  is  placed  ^mder 
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Fiic,  a37."6lmplp  form  of  ppudiiluui  myoirraph  nnd  accefisory  parts.     A^  Pi  vol  ijpnn  1 
ppnfhoiiiti  HWJDicK:  /y,  rnU^h  an  hmt^r  i*inl  nf  rmyititrrtiph  otw^ninK  the  key,  C,  in  lt»  nwtnjf; 
kprln^-catch  which  n^taiim  ntyojfrajih,  »«  tndleatacl  by  clott<»*l  linen*  and  on  presuog  do*"  , 
tuuidle  of  whieh  the  rH^nduJtjm  nwiriKM  alont;^  tliB  arc  to  Dtm  the  left  of  fi^nire,  zuid  is  cauitIbV 

a  g]BBB  shade  (moUt  chamber,  fig.  32l>) ,  the  air  in  which  is  kept  naoist  by  i 
of  blotting  pa|x^r  witu rated  with  inline  s<dution. 

Effects  of  a  Single   Induction    Shock,— With    a   nerve  muscle   prep 
arraBged  in  either  of  theaVwive  wavK,  on  elming  or  opening  the  key  m  1 
roary  circuit,  we  obtain  and  can  re+^ord  a  coutracticin,  and  if  we  use  the  1 
work  apparatus  revolving  rapidly,  a  curve  is  traced  nuch  ws  is  sliowu  in  tig. 

Another  way  of  recording   the   contraction   is  by   the  use  of   the  penda 
myograph  (fig.  3S7},     Here  the  movenient  of  the  | pendulum  along  a  certain  i 
IB  substituted  for  the  clockwork  movement  of  the  otlier  app^irattis.     The 
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D  carries  a  smoked  glass  plate  upon  which  the  writing  lever  of  a  myo- 
i  U  made  k>  mark.  The  ojitrDing  or  breakicig  shock  is  sent  into  the 
-ffllttcle  preparation  by  the  penduturti  in  its  swing  opeuiug  a  key  (tig. 
?,)  in  the  primary  circuit. 

Ingle  Muscle  Contractions.— The  tracing  (mjtsek  cunw)  ob- 
i  of  a  single  iniisclo  contriictioii  or  t witch  m  men  in  fig.  328^  aod 
►e  thus  explained. 

je  upper  linu  (m)  represents  the  curve  traced  by  the  end  of  the  lever 
^Ofiction  with  u  muscle  after  stinnilation  of  the  muscle  by  a  single 


828, — Mii»cle*curve  obtitin«d  by  in«uis  of  the  pendulum  my-o^r&pb^  *»  Indlcateii  the 
ft&at  of  the  iDdtji^Mon  HJinck:  c,  c«>muieiicf>tn«!Ut;  asd  in  r,  the  maximum  elf^vatlon  of 
tb*-  line  of  a  vthnitlo^f  tuniiiK-fork,     (M,  Fcwter  J 

ion-«hock:  the  middle-line  {/)  is  that  described  by  the  marking- 
and  indicates  by  a  sudden  drop  the  exact  instant  at  which  the 
ion-shock  was  given.  The  lower  wavy  line  (/)  ia  traced  by  a 
ng  tuning-fork,  and  serves  to  measure  precisely  the  time  occupied 
I  part  of  the  contraction, 

will  be  observed  that  after  the  stimulus  has  been  applied,  as  indi- 
3y  the  vertical  line  .^,  tliere  is  an  interval  before  the  contraction 
*nces,  as  indicated  by  the  line  r.  This  interval^  termed  (a)  the 
:  period,  when  measured  by  the  numl>er  of  vibrations  of  the  tun- 
rk  Ijetween  the  lines  s  and  r,  is  found  to  be  about  y\^  sec.  The 
period  is  longer  in  some  muscles  tlian  in  others,  and  diiTers  also 
ing  to  the  condition  of  the  muecle,  being  longer  in  fatigued  mus* 
id  the  kind  of  stimulus  employed.  During  the  latent  period  there 
pparent  change  in  the  muscle. 

5  second  part  is  the  {h)  stage  of  contraction  proper.  The  lever 
d  by  the  sudden  contraciiun  of  the  muscle.  The  contraction  is  at 
ry  rapid,  but  then  prognvHses  more  slowly  to  its  nmximum,  indi- 
♦y  the  line  m  x^  drawn  through  its  highest  point.  It  occupies  in 
ire  xJn  sec,     {c)  The  next  stage,  stage  of  elongfation.     After 
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reaching  its  highest  point,  the  lever  begins  to  descend,  in  consequeiioi 
of  the  elongation  of  the  muscle.  At  first  the  fall  is  rapid,  but  then  b^^ 
conies  more  gradual  until  the  lever  readies  the  abscissa  or  base  line,  and 
the  muscle  attains  its  pre-contraction  length,  indicated  in  the  figure  faj 
the  line  c\  The  stage  occupies  ^  J^  second.  Very  often  after  the  maia 
contraction  the  lover  rises  once  or  twice  to  a  slight  degree,  producing 
curves,  one  of  wliich  is  seen  in  fig.  330.  These  contractions,  due  to  th 
elasticity  of  the  muscle,  are  called  most  properly  (c/)  stage  of  elastic 
after-vibration,  or  contraction  remainder. 

The  latent  period  has  been  found  by  exact  methods  of  determinatioi 
to  be  only  r&TT  second  in  length.  The  remainder  of  the  time  indicate!! 
above  is  occupied  in  the  propagation  of  the  impulse  along  the  nerve  aoi 
in  overcoming  the  resistance  of  the  apparatus  used  for  recording  thi 
curve. 

Accompaniments  of  Muscular  Contraction. 

(1.)  Beat  is  developed  in  the  contraction  of  muscles.  Becqnerel 
Breschet  found,  with  the  thermo-multiplier,  about  .5**  C.  of  heat  pr» 
duced  by  each  forcible  contraction  of  a  man's  biceps;  and  when 
actions  were  long  continued,  the  temperature  of  the  muscle  increased  I* 
This  cstiniato  is  probably  high,  as  in  the  frog's  muscle  a  considerabtt 
contraction  has  been  fouiul  to  produce  an  elevation  of  temperature  eqi 
on  an  average  to  less  tlian  1°  C  The  cause  of  the  rise  of  temperatufl 
is  the  increased  ebeniical  activity  at  the  time  of  contraction.  As 
have  already  seen  (Animal  Heat),  muscles  produce  heat  even  wl 
uncontracted. 

(2.)  Soioid  is  produced,  as  mentioned  above,  when  voluntary  masdi 
contract.  AVollaston  allowed  that  this  sound  might  bo  easily  heard  b 
placing  the  tip  of  the  little  finger  in  the  ear,  and  then  making 
muscles  contract,  as  those  of  tho  ball  of  the  thumb,  whose  sound  may 
conducted  to  tho  ear  through  tho  substance  of  tho  hand  and  finger. 
low  shaking  or  rumbling  sound  is  heard.  Tho  sound  is  due  to  the fi 
bration  of  tho  individual  muscle  fibres.  Experimentally  it  has  be* 
found  that  tho  number  of  vibrations  corresponds  to  the  number  of 
citations,  and  that  muscle  exhibits  no  normal  rate  of  vibration,  ex( 
in  so  far  as  a  rate  is  expressed  in  the  discharge  of  nerve  impulses  frol 
the  cells  controlling  tho  muscle.  !Xervo  cells  do  not  send  out  a  sin^ 
but  a  series  of  impulses.  ^loreover,  tho  muscle  sound  correspondii 
the  rate  at  which  tlio  muscle  is  stimulated. 

Ilelmholtz  found  that,  in  tho  voluntary  contraction  of  muscle,  on 
reeds  having  a  vibration  of  18-'^()  ])er  second  were  thrown  into  motioi 
and  since  this  rate  is  too  slow  to  produce  a  tone,  he  concluded  that 
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nd  heard  was  the  first  overtone.  But  this  rate  has  been  called  into 
neatiou  by  later  experimeuts,  in  which  a  tambour,  connected  with  a 
[ecording  apparatus,  is  placed  on  a  contracting  niusc]e«  The  rate  of 
libratioQ  thus  obtained  is  stated  to  be  from  8-12  per  second ^  according 
*the  muscle  investigated  aud  ita  condition.  Tremors  are  shown  by  a 
itiacle  in  fatigue  and  in  mauy  conditions  of  disease.  Since  the  reso- 
\m  tone  of  the  membrana  tympani  corresponds  to  36-40  vibrations  a 
Roond,  the  muscle  sound  does  not  indicate  the  number  of  vibrations  in 
(^oo tract!  Dg  muscle. 

(3.)  Vfiuuge^  in  ^Shape. — There  is  a  considerable  difference  of  opinion 
I  to  the  mode  in  which  tlie  transversely  striated  muscuhir  fibres  eon- 
i»ct-  The  most  probable  account  is,  that  the  cont ruction  is  eflected 
ly  an  approximation  of  the  constituent  parts  of  the  fibrils,  which,  at 
be  instant  of  contraction,  without  any  alteration  in  their  general  direc- 
become  closer^  flatter,  and  wider;  a  condition  wliich  is  rendered 
t  by  the  approximation  of  the  transverse  strise  seen  on  the  surface 
the  fasciculus,  and  by  its  increased  breadth  and  thickness.  The 
ance  of  the  siig^ag  lines  into  which  it  was  supposed  the  fibres  arc 
wn  in  contraction,  is  due  to  tire  relaxation  of  a  iibre  which  has  been 
intly  contracted,  and  is  not  at  once  stretched  again  by  some  antago- 
fibre,  or  whose  extremities  are  kept  close  together  by  the  contractions 
her  fibres.  The  contraction  is  therefore  a  simple  and,  according  to 
Weber^  a  uniform,  simultaneous,  and  steady  shortening  of  each  fibre 
its  contents.  What  each  fibril  or  fibre  loses  in  length,  it  gains  in 
kness:  the  contraction  is  a  change  of  form  not  of  size;  it  is,  there- 
^  not  attended  with  any  diminution  in  bulk,  from  condensation  of 
tissne.  This  has  been  proved  for  entire  muscles,  by  making  a  mass 
usole&,  or  many  fibres  together,  contract  in  a  vessel  full  of  water, 
ith  which  a  fine,  perpendicular,  graduated  tube  communicates.  Any 
imlnution  of  the  hulk  of  the  contracting  muscle  would  be  attended  by 
fall  of  fluid  in  the  tube;  but  when  the  experiment  is  carefully  per- 
led,  the  level  of  the  water  in  the  tube  remains  the  same,  whether 
I©  muscle  be  contrartcd  or  not. 
In  thus  shortening,  musclt*s  appear  fo  swell  w/j,  h'rotnitif/  ronnder^  more 
ineni^  harder^  and  apparently  tougher.  But  this  hardness  of  muscle 
the  state  of  contraction  is  not  due  to  increased  firmness  or  condenaa- 
of  the  muscuhir  tissue,  but  to  the  increased  tension  to  which  the 
as  well  as  their  tendons  and  other  tissues,  are  subjected  from  the 
nee  ordinarily  op|>osed  to  their  crjntraction.  When  no  resistance 
r<»d,  as  when  a  muscle  is  cut  olT  from  its  tendon,  not  only  is  no 
ess  perceived  during  contraction,  but  the  muscular  tissue  is  even 
\  more  extensile,  and  less  elastic  than  in  its  ordinary  uncontracted 
During  contraction  in  each  fibre  it  ia  laid  that  the  anisotropous 
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yt  doubly  ref raotive  elemeDts  beoome  less  refnotiTa  and  the  rin 

Tractive  more  so  (fig.  329). 

(4.)  Chemical  Changes. — {a)  The  reaction  of  the  muscle  wl 
normally  alkaline  or  neutral  becomes  decidedly  artrf,  from  the  d 
nient  of  sarcolactic  acid,  {b)  The  muscle  gives  out  carbonic  a 
and  takes  up  oxygen,  the  amount  of  the  CO,  given  out  not  appea 
be  entirely  dependent  upon  the  0  taken  in,  and  so  doubtless  i 
arising  from  some  other  source,  {c)  Certain  imperfectly  und 
chemical  changes  occur,  in  all  probability  connected  with  (a)  n 
Glycogen  is  diminished,  and  glucose,  or  muscle  sugar  (inosite)  a 
the  extractives  are  increased. 

(5. )  Electrical  Changes^,  — When  a  muscle  contracts  the  natural 
current  or  currents  of  rest  undergo  a  distinct  diminution,  whid 
to  the  appearance  in  the  actively  contracting  muscle  of  current 
opposite  direction  to  those  existing  in  the  muscle  at  rest.  Thii 
a  temporary  deflection  of  the  needle  of  a  galvanometer  in  a  di 
opposite  to  the  original  current,  and  is  called  by  some  the  negaii 
ation  of  the  muscle  current,  and  by  others  a  curretU  of  action. 


f  -__ 
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FlflT.  820^— The  microscopic  appeAram*»»«  durinpr  a  muacular        

flbrillas  after  Enfcelmanii.  1.  Apassivi^  niuwlo-flbre ;  c  to  d  =  douUy 
median  disc  a  b  in  it;  h  and  k  art*  rat4>ral  diHcs;  f  and  e are secoiuUrT  diaoi,  OHjHlgD 
refractive;  fl^.  on  rifrbt  name  t\hn»  in  ixdariTstHl  lii;ht;  brifcht  part  is  doobljr  VBftnwIaa,  1 
not  so.  2.  Transition  stafirt^ ;  and  8.  Kta^e  of  entire  eontracllon:  in  eMA  OMi  ths  i 
flf^re  represents  the  effect  of  polarized  li^ht.  (Landois  after  SngalmMnL) 

Conditions  which  Affect  the  Characters  of  the  Cootr 
— In  addition  to  the  factors  already  considered  which  inflnenoe  t 
tability  of  muscle  as  such,  these  and  others  may  affect  the  ohan 
its  contraction  and  hence  the  curve  produced. 

Fffeci  of  Load. — Within  certain  limits  a  muscle  contraota  mc 
erfully  when  acting  against  resistance — that  is,  when  it  is  loade 
yond  this  point  of  maximum  contraction,  however,  increase  of 
minishes  the  height  and  duration  of  contraction  and  increases  th< 
of  the  latent  period. 

Effect  of  Fatigue. — As  already  stated,  exercise  increases  the  f 
of  muscles,  so  tliat  tlie  first  effect  of  contraction  is  to  increase  th( 
of  the  curve;  but  if  the  stimulation  bo  kept  up  and  the  muscle  1 
to  contract  frequently,  both  the  lieight  and  form  of  the  curve  are 
The  latent  period  is  lengthened,  the  height  of  the  curve  is  lessen 
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duration  of  Ibe  contmciion  h  much  prolonged.  Later  a  condition 
sached  in  ivhioh  the  niuaclo  remaiDS  more  or  less  contracted  for  a 
iderable  time.  This  condition  is  called  contracture, 
Effed  of  Temperaiure, — Heat  up  to  a  certain  point  increasea  the  irri- 
lity  of  muscle  and  favore  rapidity  in  chemical  activity,  with  the  re* 
tbat  when  it  contracts  the  latent  period  is  ihortened,  the  height  of 
rave  is  increased,  and  the  duration  of  the  contraction  is  leaaenedt 
produces  contrary  elTecta, 

f'eci  of  Driujs, — Veratrine  does  not  alter  the  rapidity  with  which 
stion  occurSj  hut  enormously  prolonga  the  Btage  of  relaxation* 
Baits  of  barium  act  similarly,  and  to  a  less  extent  those  of  calcium 
(trontium.     In  this  connection  it  is  interesting  to  recall  that  supra- 
extract  acts  likewise  on  volnntary  muscli^ 

Effect  cf  Strength  of  Sittnnlus, — A  strength  of  current  tbat  is  Just 
ient  to  give  a  contraction  is  called  a  nimimal  stimulus.  As  the 
gib  of  the  current  is  increased,  the  height  of  the  contraction  curve 
asee  until  the  viaximal  stimulus  is  reached,  beyond  which  no  in- 
e  occurs.  The  latent  period  ihortens  with  increased  strength  of 
jIus. 

JfJeicrf  cf  Rate  of  Skmulaiton, — If  we  stimulate  the  nerve-muacle 
iration  with  two  induction  shocks^  one  immediately  after  the  other, 
L  the  point  of  stimulation  of  the  second  one  corresponds  to  the 
mum  of  the  ^rat^  a  second  onrve  (Hg.  330)  will  occurs  which  will 


f  Ml_Tr  i.  iTi  -  -f   fi  (louhk-H   iivui«.h*-L'urve,     To  Ix*  ira*!  from  left  to  rl^cht.      Wlilli*  the 
»  w«8  fTii  *^«T«t  contmrtioti  (wh^Nt^  roni]ilft<»  l-oiiitk*,  had  Duthinj?  liit<?rv(»r]e(l,  i» 

ted  by  Ifi  lie  I,  u  h^h^^oihI  Ifidiii  tifjn-sJuM'k  v<iis  thmwii  in,  ut  Mich  a  time  that  the 

,  ooiJtnw.li -  ^--^  just  ae  the  flnst  wa»  N>Kinn(nK  tw  fl«*fUtie,    Tlio  Becond  curve  is  seen 

t  fnmi  the  Areu  a^  *^om  the  llrst  from  the  hami  Unc.     CM.  Foster.) 


nence  at  the  highest  point  of  the  first  and  will  rise  nearly  as  higb, 
at  the  sum  of  the  beight  of  the  two  curves  almost  exaclly  equals 
s  the  height  of  the  Urst.  If  a  third  and  fourth  shock  be  passed,  a 
ar  effect  will  ensue,  and  curves  one  above  the  other  will  be  traced| 
bird  being  slightly  lower  than  the  second,  and  the  fourth  than  the 
If  a  more  numerous  series  of  shocks  occur,  however,  the  lever 
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t  time  eeanes  to  rise  any  further,  and  the  contraction^  which  bi 
d  it8  maximum,  is  maintained.     The  condition  which  easties 
Tetanus.     A  tetanus  is  really  a  summation  of  contractioiiB,  bi 
the  stimuli  become  very  rapid  indeed,  the  muscle  will  still  beia 
ion  of  vibratory  contraction  and  not  of  unvarying  contraction- 

^L— l'wrv43  fif  t4?tAtiyK,  r»DtJif»^  from  th©  inwitrocneQilufl  il                    iif  (►- tru  thi 
It  ill  fr«iiTi  Ati  lndiivtHm  iT.iI,  aMut   fifxtwn   tlmrm  a  necoud,  ^.>  Ur-   i.u^rrijf»4iMii  uf 
'  curi^nt  by  mpaoK  of  a  Tihrntirij^  t).pring,  which  dipped  into  a  cup  of  mercury.  Mid  ll 
nary  current  at  eiu:h  vibration. 

the  shocks,  however,  be  rejieatod  at  verv  short  intervalB^  bein^ 
CO  ml  for  the  frug*s  musclu*  hut  varying  in  each  animtd,  the  mill 
lets  to  its  utmost  suddenly  and  continites  at  its  maximum  conti 
3r  some  time  and  the  lever  rises  almost  peri>endic«larly,  and  ti 
bes  a  straight  line  (tig.  332),     If  the  stimuli  arc  not  quitesoraj 
le  of  maximum  contraction  becomes  somewhat  wavy^  indieatia 

tendency  of  the  muscle  to  relax  during  the  intervals  between  1 
ii  (fig.  331), 

uscular  Work. — \Vc  have  seen  that  wort'  is  estimated  by  mi 
X  the  weight  raised,  by  the  height  through  which  it  has  been  lift 

been  found  that  in  order  to  obtain  the  maximum  of  work  am 
ust  be  moderately  haded:  if  the  weight  is  increiised  beyond  a  < 
x)int,  however,  the  muscle  becomes  strained  and  raiaes  it  throl 
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138.— Curve  of  tMaDiis,  from  a  atM-ies  of  very  mpiil  ahoclcs  from  a  tnttgoetlc  lotemtpll 

all  a  distance  that  less  work  is  accompHehed.     If  the  load  h  1 
er  increased,  the  muscle  is  completely  overtaxed  and  cannot  i 
weight.     No  work  is  then  done  at  all     Practical  illuetrationi 
facts  must  be  familiar  to  eyery  one. 
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be  p<»wer  of  a  muscle  is  usually  measured  by  Dm  tiiaximum  weight  which 
J  iupport  without  stretching.  Lu  man  this  ia  readily  dettirmined  hy  weight- 
lie  body  to  suth  an  extent  tlmt  it  can  do  longer bu  niist^d  ou  tiptoe:  thua 
pwerof  the  calf -muscles  is  deteniiioed.  The  [Mjwer  of  a  mtiscle  thuw  esti- 
I  depends  of  conrse  uimju  its  eioss- section.  Tlie  jiower  of  u  luiiiKiu  muscle 
twot<j  thrift  imeiiiiii  great  lus  n  fro*;*s  muycle  of  the  samest  ttiomd  area. 

Fatigue  of  Muscle. — A  inuscU'  Wconiosrtipidlj  exhiiusted  from  tb- 
'd  stimulatioti,  und  the  more  nipidly,  the  inore  quickly  the  inditc- 
i-sliocks  succeed   euoh   otlier.     This  is  uuiieiited   by  the  diminished 
leight  of  the  muscuiiir  eon  t met  ions. 

A  fatigned  miisc-le  \nis  t\  iiiiieb  longer  lutt^nt  period  thun  a  fresh  one. 
'bt' slowness  with  vvliiehDUtseles  respond  to  tho  will  \v\wn  fatigued  must 
)e  familiar  to  every  one. 

In  a  muscle  wbieh  is  exhausted,  stimnhation  only  causes  a  contraction 
ffxlucing  a  local  hiilging  near  tho  ^loint  irritated,  A  similar  effect 
\j  be  produced  in  a  fresh  musele  by  u  sharp  blow,  as  in  striking  the 
letups  i?nnartly  wiih  the  edge  of  tbo  hand,  wlien  a  bard  muscular  swelling 
iustiintly  formed, 

Ab  we  have  seen  in  discnsaing  the  irritability  of  muscle,  the  cause  of 
liigue  is  twofold,  Leing  in  part  duo  to  its  nutritive  condition^  and  in 
to  the  accumulation  of  poisonoua  protlucta  formed  during  contrac- 
probably  sarcolaetio  acid,  cb icily.  In  a  living  animal  these  pox- 
113  products  exert  their  iidluence  not  ojdy  upon  the  musdo  or  nnis- 
immediately  coneerned  in  contrttction^  but  upon  the  uiuscnlature  of 
body  generally,  and  the  effect  romaina  until  they  are  eliminated 
the  body.  Massage  of  the  muscles  increases  the  passage  of  them 
tbo  general  blood-stream  anti  the  rapidity  of  their  elimination. 
Under  normal  circnmstancea  muscles  do  not  become  completely  fa- 
»  for  the  reason  that  tbo  ncrvo  cells  \\hich  send  out  the  impulses 
Dtraction  become  fntigued  sooner  than  tho  muscles  themselves  do. 
e  cells,  however,  recover  from  fatigue  more  quickly  than  muscles. 
facts  are  gometimes  shown  wlven  one  feels  utterly  exlniustcd  and 
frctjly  able  to  drag  one  foot  after  another,  yet  under  a  strong  eSort  of 
til],  m  from  fright,  is  able  to  make  nnwonted  effort. 

Response  to  Stimuli  in  Voluntary  and  Involuntary  Muscles. 
■^The  two  kinds  of  fibres,  tlie  striped  and  the  unstriped,  hiivi  cbarut' 
i^n^ic  differences  in  tli©  mode  in  which  they  act  on  the  application  of 
^Mtne  stimulus;  diifereuces  which  maybe  ascribed  in  great  part  to 
itir  respective  (Uffcrvnces  of  siruciure^  but  in  some  degree,  possibly,  to 
|dr  respective  modes  of  connection  wiik  the  nervous  st/stem.  When  ir- 
ion  is  applied  directly  to  a  muscle  with  striated  fihrea,  or  to  the 
r  nerve  supplying  it,  contraction  of  the  part  irritated,  and  of  that 
tjT,  ensues;  and  this  contraction  is  instantaneous,  and  ceases  on  the  in- 
t  of  withdrawing  iht;  irritutioiL  iitit  wdu^n  any  part  with  nustriped 
iBcnIar  fibres,  €?.y.,  tbo  intestines  or  bladder,  is  irritated,  the  subs^ 
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qoeut  contraction  ensues  more  slowly,  extends  beyond  the  part  irritab 
ant] J   with   aUernating  reliisation,   continues  for  gome   time  after 
withdrawnl  of  tlie  irritation.     The  differeDce  in  the  modes  of  conU 
tion  of  the  two  kinds  of  muscular  fibres  may  be  particularly  illustr! 
by  the  cllectd  of  the  repeated  atimuli  with  the  magnetic  ioterruplj 


t'lK.  I 


k— Mu8ck*HL*u<rvi^  from  the  j^fUiirocoQGaiim  of  m  trag^  lUiiBtnAiUfX^  e-tSecte,  of  sitenklli 

iemperMiire. 


The  rapidly  succeeding  shocks  given  by  this  means  to  the  nerves  nf 
('lea  excite  in  all  the  trausversely  striated  uiusclea,  except  in  the 
the  licart,  i\  fixed  state  of  tetanic  contraction  as  preYiously  descril 
which  lasts  as  long  as  the  stinnihiB  is  continueil,  and  on  its  withdn 
iustautly  ceases;  hot  in  tbo  moacles  with  unstriped  fibres  they  eici 
slow  vermicular  movcmeut,  which  is  comparatively  slight  and  altern 
with  rest.     It  conlinuee  for  a  time  after  the  stimulus  is  withdrawn 

In  thoir  modo  of  re»|34jndiug  U»  thoso  stimuli,  all  the  skeletal  muscJefl 
thtwo  wilh  transvf?rse  stria*,  nre  alike  ;  but  tuiiong  those  with  unatriped  1 
!U*-*re  are  iimiiy  ilitfiTout'eH — a  fiirt  which  tends  to  oontiriii  the  opinioa 
llieir  jwruliarity  dejMMidii  as  wtOI  on  their  connection  with  nerves  and 
n.H  on  their  own  piropertieK.  The  ureters  and  gall-bladder  are  the  parts 
excited  by  stinnili  ;  they  do  not  a*  t  at  all  till  the  stimulus  has  been  long  appl 
and  then  enntnu  t  ftn-bly,  and  tu  a  small  extent.  The  contractions  of  thecs 
andHl4^niaeli  are i[nicke rand  wider fc«pr».*ail :  still  ijuicker  those  of  tlie  iris,  i 
the  ui  inar>*  bladder  if  it  Ix^  not  tcx»  full.  The  twtioua  of  the  »mall  aod 
intestines,  of  tbo  vas  deferens,  tmd  jireKnaut  uterus,  are  yet  more  vivid. 
reiiTular^  and  more  sustained  ;  antl  they  rtxiuin*  no  more  stimulus  than  that  ol 
air  to  exeile  them.  The  beart»  on  aecmint^  donbtless.  of  its  striated  znuecl 
the  t|uicke8t  and  most  vigorous  of  all  the  muscles  of  organic  life  in  coal 
U|M>ii  irriUition.  and  ajipeiirs  in  tlds.  as  in  nearly  all  other  respects,  to  be  tiie 
nertiu)^  menilHT  of  the  two  ela,sse8  of  nutinies. 

All  the  iimseb*s  n^taiii  tbeir  pr(j|)erty  of  contnicting  under  the  influent 
stimuli  apjilieil  to  them  or  to  their  nerves  for  some?  time  after  death,  the 
Iwdng  b>n^;er  in  cold  blooded  than  in  warm  hlocKled  Yertebrata,  and  shortar 
Ilirds  than  in  Mammalia,  It  would  seem  as  if  the  more  active  the  respira 
process  in  the  living  aiiimal,  the  shorter  is  tJie  time  of  duration  of  the  il 
bility  in  the  nmst  b>H  after  death  ;  and  this  is  confirmed  by  the  compiirirt 
different  speeies  in  the  name  order  of  Vertebra ta.  But  the  period  during 
this  irritability  lasts  in  not  the  same  in  all  persons,  nor  in  all  the  m 
the  same  i>era<^^m.  In  a  man  it  ct^ases,  according  to  Nysten.  in  the  foDi 
order:— first  in  the  left  ventricle,  then  in  the  intestines  and  stomach* 
urinary  bladder,  right  ventricle,  (jesi:ijihagus,  iris ;  then  in  the  voluntary 
cles  of  the  tnmk,  lower  and  upper  extremities ;  lastly,  in  tl^A  right  and 
auricle  of  the  he^m. 
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t  Muscle  in  Rigor  Mortis. 

r  the  muscles  of  ttw  ilead  body  luive  lost  their  irritability  or  capa- 
ity  of  being  excited  to  contriiction  by  the  applicatiuii  of  a  stimulus, 
jy  fipontttiieouBly  pass  into  a  state  of  contraction,  apparently  identical 
;h  that  which  ensuns  during  life.  It  affects  all  the  muscles  of  the 
It;  and,  when  external  circumstances  do  not  prevent  it,  commonly 
fs  the  limbs  in  that  which  is  their  natural  posture  of  equilibrium  or 
L  Hence,  and  from  the  simultaucous  contraction  of  all  the  muscles 
^  trunk,  is  produced  a  general  stiffening  of  the  body,  constituting 
B^r  mortis  or  post-mortem  rigidity, 

when  this  condition  has  set  in,  the  muscle  (a)  becomes  acid  i/t  reuction 
e  to  development  of  sarcolactic  acid),  {b)  i/ives  off  carijoniv  acid  in 
It  excess,  (c)  dimiftishe^  in  volume  sHt/ktlify  (d)  becomes  shortened  and 
pt€j  its  substance  setting  firm.  Rigor  comes  on  much  more  rapidly 
tr  muscular  activity,  and  is  hsistened  by  Avarmth,  It  may  be  brought 
in  muscle-s  exposed  for  experiment,  by  the  action  of  distilled  wat^r 
many  acids,  also  by  freezi?ig  and  thawing* 

C€W9e. — The  immediate  cause  of  rigor  seems  to  be  a  chemical  one, 
lely,  the  coagulation  of  the  muscle  plasma.  We  may  diatinguiah 
^  main  stages— (L)  Gradual  coagulation.  (2.)  Contraction  of  coag- 
ietl  muscle-clot  (myosin),  and  squeezing  out  of  muscle-serum,  (3.) 
refaction.  ^VXter  the  first  stage,  restoration  is  possible  through  the 
lilation  of  arterial  blood  through  the  muscles,  and  even  when  the 
id  stage  has  set  in,  vitality  may  he  restored  by  dissolving  the  coag* 
of  the  muscle  in  salt  solution,  and  pjissing  arterial  blood  through 
fiMiels.  In  the  third  stage  recovery  is  impossible. 
It  has  been  noticed  that  the  relaxation  in  muscles  after  rigor  some- 
es  occurs  too  quickly  to  be  caused  by  putrefaction,  and  the  suggestion 
t  in  Buch  cases  at  any  rate  such  relaxation  is  due  to  a  ferment-action 
ery  plausible.  It  is  known  that  pepsin  is  present  in  muscles,  and 
t  this  ferment  will  aqt  in  an  acid  medium.  The  conditions  for  the 
lion  of  the  coagulated  myosin  are  therefore  present  as  the  reaction 

El  mutteh>  is  acid. 
i>/  Ocenrrenre, — The  muscles  are  not  affected  simultaneously  oy 
■tis.  It  affects  the  neck  and  lower  jaw  first;  next,  the  upper 
gpitie?*,  extemliug  from  above  downward;  and  lastly,  reaches  the 
^Dimbi;  in  some  rare  instances  only,  it  affects  the  lower  extremities 
re,  or  simultaneously  with,  the  upper  extremities.  It  usually  ceases 
he  onlcr  in  which  it  begins:  first  at  the  head,  then  in  the  upper 
amities,  and  lastly  in  the  lower  extremities.  It  never  commences 
er  than  tt*n  minutes,  aud  never  later  than  seven  hours  after  death; 
lis  duration  is  greater  iu  proportion  to  the  lateness  of  its  accession. 
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Heat  18  developed  during  the  passftge  of  a  muscnlar  fibre  into  the  oondi*  { 
tion  of  rigor  mortis.  ^  1 

Since  rigidity  does  not  ensue  until  muscles  have  lost  the  capacity  ct 
being  excited  by  external  stimuli,  it  follows  that  all  circumstances  wbiA 
cause  a  speedy  exhaustion  of  muscular  irritability,  induce  an  early  oc- 
currence of  the  rigidity,  while  conditions  by  which  the  disappearance  of 
the  irritability  is  delayed,  are  succeeded  by  a  tardy  onset  of  this  rigidity. 
Hence  its  speedy  occurrence,  and  equally  speedy  departure  in  the  bodiea 
of  persons  exhausted  by  chronic  diseases;  and  its  tardy  onset  and  luu^ 
continuance  after  sudden  death  from  acute  diseases.  In  some  eases  o1 
sudden  death  from  liglitning,  violent  injuries,  or  paroxvsm?  of  passion 
rigor  mortis  hiis  been  said  not  to  occur  at  all;  but  this  is  not  always  tlx 
case.  It  may,  indeed,  be  doubted  whether  there  is  really  a  complet 
absence  of  the  post-mortem  rigidity  in  any  such  cases;  for  the  experi 
ments  of  Brown-Sequard  make  it  probable  that  the  rigidity  may  superrent 
immediately  after  death,  and  then  pass  away  with  such  rapidity  as  to  h 
scarcely  observable. 

The  occurrence  of  rigor  mortis  is  not  prevented  by  the  previous  exist 
ence  of  paralysis  in  a  part,  provided  the  paralysis  has  not  been  attendee 
with  very  imperfect  nutrition  of  the  muscular  tissue. 

The  rigidity  affects  tlie  involuntary  as  well  as  the  voluntary  musclea, 
whether  they  bo  constructed  of  striped  or  unstriped  fibres.  The  rigiditj 
of  involuntary  muscles  with  striped  fibres  is  shown  in  the  contraction  ol 
the  heart  after  deatli.  The  contraction  of  the  muscles  with  unstriped 
fibres  is  shown  by  an  experiment  of  Valentin,  who  found  that  if  a  grad- 
uated tube  connected  with  a  portion  of  intestine  taken  from  a  recently- 
killed  animal,  bo  filled  with  w^ater,  and  tied  at  the  opposite  end,  the 
water  will  in  a  few  hours  rise  to  a  considerable  height  in  the  tube, 
owing  to  the  contraction  of  the  intestinal  walls.  It  is  still  better  shown 
in  the  arteries,  of  which  all  that  have  muscular  coats  contract  after 
death,  and  thus  present  the  roundness  and  cord-like  feel  of  the  arteriei 
of  a  limb  lately  removed,  or  those  of  a  body  recently  dead.  Sulisequently 
they  relax,  as  do  all  the  other  muscles,  and  feel  lax  and  flabby,  and  lie 
as  if  flattened,  and  with  their  walls  nearly  in  contact. 

Action  of  the  Voluntary  Muscles. 

The  greater  part  of  the  voluntary  muscles  of  the  body  act  as  souroe! 
of  power  for  moving  levers, — the  latter  consisting  of  the  various  honest! 
which  the  muscles  are  attached. 

Examples  of  the  three  orders  of  levers  in  the  Human  Body.— All  levers 
been  divided  into  three  kinds,  according  to  the  relative  poeition  of  the 
the  iceight  to  be  removed,  and  the  aans  of  notion  or  fulcnim.     In  a  leteri 
the  first  kind  the  power  is  at  one  extremity  of  the  lever,  the  weight  at  the 


km  are  used  as  a  lever  of  the  same  kiurl,  may  be  mentioned  the  act  of 
ig  the  body  from  the  Bt<K)ping  |x>ature  liy  meiins  of  the  hatiititriiig  aiuscles 
bed  to  the  tuberosity  of  the  iHchium  (tig.  334). 

a  lever  of  the  Beconcj  kind,  the  arrunKt>ment  is  tlius : — ^P*  W.  F.  ;  and  this 
ige  is  employed  in  the  aet  of  raising  th*>  handles  of  a  wlieelbarrow,  or  Iti 
rhinK  an  elastic  t^nd.  as  in  tig  3^5,  In  the  human  hotly  tlio  act  of  oj>en- 
be  looutlt  by  depressiog  the  lower   jaw  ia  oji  cJLaniple  of   the  same  kind — 


I 


ELAiTlolOMD 


i: 


ioIBu 


?   V  *  r 


FlR.; 


eDsion  of  the  muscles  which  close  the  jaw  repreiieatitig  the  weight 
335). 

a  lever  of  the  third  kind  the  arrangement  is — F.  P  W  ,  and  the  act  of 
\fr  a  i^ole.  as  in  fig.  336,  is  an  example.  In  the  human  Ixxly  there  are 
rouii  examples  of  the  employment  of  this  kiud  of  leverage.  The  ai*t  of 
tkg  the  fore- arm  may  be  mentioned  as  an  instance  (tig.  Uy6>.  The  act  of 
I  is  another  example, 

the  ankle  we  have  examples  of  all  three  kinds  of  lever.  Ist  kind— Ex- 
ig  the  foot.  3d  kind^Flexing  the  ftxit.  In  both  these  cane^  the  fc>i>t 
enta  the  weight :  the  ankle  joint  the  fnk-nim,  the  [Kiwer  being  the  calf 
I  in  the  first  case  and  the  tibialis  anticus  in  the  second  case.     2d  kind — 
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When  the  bodj  it  raised  on  tiptoe.  Here  the  ground  is  the  fulcnun, 
weight  of  the  body  acting  at  the  ankle  joint  the  weight,  and  the  calf  miH 
the  power. 

In  the  human  body,  levers  are  most  frequently  used  at  a  disadTautag 
regards  power,  the  latter  being  sacrificed  for  the  sake  of  a  greater  nng 
motion.  Thus  in  the  diagrams  of  the  first  and  third  kinds  it  is  eTident 
the  power  is  so  close  to  the  f ulcnmi,  that  great  force  must  be  exercised  in  c 
to  produce  motion.     It  is  also  evident,  however,  from  the  same  diagrams, 


Fig.  886. 

by  the  closeness  of  the  power  to  the  fulcrum  a  great  range  of  movement 
be  obtained  by  means  of  a  comparatively  slight  shortening  of  the  mua 
fibres. 

The  greater  number  of  the  more  important  muscular  actions  of 
human  body — those,  namely,  which  are  arranged  harmoniously  so  j 
subserve  some  definite  purpose  or  other  in  the  animal  economy — are 
scribed  in  various  parts  of  this  work,  in  the  sections  which  treat  ol 
physiology  of  the  processes  by  which  these  muscular  actions  are  resi 
or  carried  out.  There  are,  however,  one  or  two  very  important 
somewhat  complicated  muscular  acts  which  may  be  best  describee 
this  place. 

Walking.— In  the  act  of  walking,  almost  every  voluntary  muscle  in  the  I 
is  brought  into  play,  oithor  directly  for  purposes  of  progression,  or  indin 
for  the  proiwr  bahiucing  of  the  head  and  trunk.  The  muscles  of  the  arm 
least  concerned ;  but  even  these  are  for  the  most  part  instinctively  in  actic 
some  extent. 

Among  the  chief  muscles  engaged  directly  in  the  act  of  walking  are  tho 
the  calf,  which,  by  pulling  up  the  heel,  pull  up  also  the  astragalus,  and  wit 
of  course,  the  whole  body,  the  weight  of  which  is  transmitted  through 
tibia  to  this  bone  (tig.  837),  When  stai-ting  to  walk,  say  with  the  Idfl 
this  raising  of  the  body  is  not  left  entirely  to  the  muscles  of  the  left  calf, 
the  trunk  is  thrown  forward  in  such  a  way,  that  it  would  fall  prostrate  ^ 
it  not  that  the  right  foot  is  brought  forward  and  planted  on  the  ground  to 
port  it.  Thus  the  muscles  of  the  left  calf  are  assisted  in  their  action  by  t 
muscles  on  the  front  of  the  trunk  and  legs  which,  by  their  contraction,  pull 
body  forward ;  and.  of  course,  if  the  trunk  form  a  slanting  line,  with  the 
clination  forward,  it  is  plain  that  when  the  heel  is  raised  by  the  calf-mus 
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body   will  be  raised,  and  pushed  obliquely  forw^ard  and   ujnvard. 
(v«  acts  in  taking  the  first  step  in  walking  are  represented  in 

it  is  evident  that  by  the  time  the  body  has  assumed  the  position  No.  8, 
I  time  that  the  right  leg  should  Ije  brought  forward  to  sup|wrt  it  and  pre- 
\  it  from  falling  prostrate.  This  advauce  of  th«*  other  leg  (in  this  e^ase  the 
IS  effec-ted  partly  by  it'i  mechanically  Hwinging  forward,  pntluhmi- 
,  and  partly  by  muscular  action  ;  the  muscles  used  being— i^f,  those  on  Uie 
the  thigh,  whivli  liend  the  thigh  forward  on  the  pelvin,  csjief^ially  the 
I  femoris,  with  the  psoas  and  the  iliacus;  .i'dty.  the  hamHtring  musicles, 
slightly  bend  the  leg  on  the  thigh  ;  and»  Sdly,  the  muscles  on  the 
tof  the  Irg,  which  raise  the  front  of  the  fot>t  and  toes,  and  so  prevent  the 

in  sTvinging  forwanl  from  hitching  in  the  ground. 

be  second  jiart  of  the  net  of  walking,  which  has  IwN^ri  just  described,  is 

rn  in  the  diagram  (4,  fig.    337). 

hen  the  right  fin^t  has  reached  the  ground  the  action  of  the  left  leg  ha.H  not 

The  calf  nuis*  les  of  the  latter  continue  tu  act,  ami  l>y  pulling  n^»  the 

thrc»w  the  body  still  more  forward  over  the  r'ight  leg,  now   iK^iring  ni^arly 

rbole   weight,  until   it  Ih  time  that   in   its  turn  the  /*//  leg  should  tiwing 

and  the  left  foot  be  planted  on  the  ground  to  prevent  the  body  from 

prostrate.     As  at  first,  while  the  calf- muscles  of  one  leg  and  foot  are 

ring,  so  to  speak,  ti>  push  the  iKKly   forward  and  upward  from  behind 

using   the  heel,  the  nuisclt^  on  the  front  of  the  trunk  and   the  same  leg 

I  of  the  other  leg,  except  when   it  is  swinging  forward)    are  helping  the 


pulling  the  legs  and   tnmk,  so  as  to  make  them  incline  forward,  the 

Son   in  the  inclining    forward  being  effected   mainly  at  the  ankle  joint. 

main  kinds   of  leverage   are,  therefore,  employed   in  the  act  of  walking, 

if  this  idea   Iw^  firmly  grasped,  the  detail  Is  will   l>e  undefRtood   with  com- 

ive  ease.     One   kind  of  leverage  employed   in  walking  is  I'ssentially  the 

f  with  that  employed  in  pulling  forward  the  pole,  as  in  fig.   S30.     And  the 

,  lees  exactly,  is  that  employed  in  raising  the  handles  of  a  wheelharrow, 

supposing  the  lower  end   of  the  |:H>le  to  \v^   placed    in  the  harrow,  we 

have  a  very  rough  and  inelegant,  but  not  altogether  bad  representation 

two  main   levers  employed    in  the  act  of  walking.     The  body  is  pulled 

by  the  mtiscles  in  front,  ranch  in  the  same  way  that  the  pole  might  be 

be  force  applied  at  p.,  while  the  raiding  of  tl^e  he+d  and  pushing  forward 

trunk  by  the  calf- muscles  is  roughly  ri'prciiented  on  raising  the  handles 

the  l>arrow.     The  tnanner  in  which  these  actioiiH  are  performed  alternately 

each    leg,    so  that  one  after  the  othpr   is   s%vung    ffirwaid    to  support    the 

[ik.   whiv^'h  is  at   the  *itniic   time  pnshcd  and   pufh'^!  ffirward   r>y  the  museies 

other,  may  be  gathered  from  the  the  previous  deecriptitiiL 
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There  is  one  more  thing  to  be  especially  noti(N?d  in  the  act  of  walking. 
a^sriiuch  an  th^'  iHKly  is  Im^iuj^  coni^tautly  Kiipjiorted  and  balanced  on  W3 
HltL*riiateiy,  and  theref*>re  on  only  one  at  tlie  same  moment,  it  is  erideii 
there  must  l)e  stmie  provi^ioti  made  for  tlirowing  the  centre  of  gravity  of 
line  of  support  formed  by  the  bones  of  each  leg,  an.  in  its  turn,  it  mippcR 
weight  of  the  body.  Thia  m&y  be  done  in  various  ways,  and  the  mui 
wliirh  it  iH  effecteil  is  one  element  in  the  differences  which  exist  in  the 
lu^  of  ditTerent  people.  Thus  it  may  hi*  done  by  an  instinctive  slight  roUi 
the  pelvis  im  the  hrad  of  each  femur  in  turn,  in  such  a  manner  that  tlie 
of  gravity  of  the  body  shall  fall  over  the  frN»t  of  this  side.  Thus  when  llo 
's  pushed  onward  and  upward  by  the  riiiHiug,  say,  of  the  right  heel»  u 
S5J7|  3,  thr  jieh  IB  in  instinctively  by  various  muscles  made  to  ri>t&te 
Head  of  the  left  femur  at  the  acetabulum,  to  the  left  side,  so  that  the 
may  fall   over  the  lino  of  support  formal   by  the  left   leg  at  the  i 
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right  leg  in  swinging  forward*  and   leaving  all   the  work  of  support  to 

its  fellow.  Hni'h  a  *'nx'king"  muwrnuut  of  tlu'  trunk  and  ]ielvis,  how* 
aceomjmnieil  by  a  movement  of  tbi^  whole  trunk  and  leg  ovt-r  the  ft»ot 
is  being  planted  on  tht*  liroimd  ^fig.  338)  :  the  action  lieing  accompani« 
a  compenaattiiy  outward  niDvenit^nt  at  tlie  liip.  more  easily  apprecia 
looking  at  the  figure  On  which  this  movement  is  shown  exaggerated 
descrilied. 

Thus  the  bmly  in  walking  is  ctmtinually  rising  and  swaying  altel 
from  one  aide  to  the  other,  as  its  centre  of  gravity  luia  to  be  brought  altei 
over  one  or  other  leg;  and  the  curvatures  of  the  spine  are  altered  in 
spondenre  with  the  varying  jM^tiition  of  the  weight  which  it  has  to  support 
extent  to  which  (he  l«cMiy  in  raiwxl   or  swayed  differs  mxu^b  in   different  | 

In  w*T Iking,  <ine  fi»ot  or  tin* other  is  always  im  the  grtumd.     The  act  of  1 
or  jumping,  consists  in  S4>  sudden  a  raising  of  the  heels  Ity  the  sharp  and 
contraction  of  the  calf-mitscles,  that  the  IkhIv  is  jerked  off  the  ground. 
saMQ  time  the  effect  ia  much  increafied  by  Urst  bending  the  thighs  < 
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rig,  aod  the  legs  on  the  thighs,  and  then  auddenly  straighten ing  out  the  angles 
lias  formed.  The  Bhare  which  this  actien  has  in  producing  the  elTect  may  be 
^mHj  known  by  attempting  to  leap  in  the  upright  pt>sturf»,  with  thi3  tegs  quite 

ight. 

Runnitig  is  performed  by  a  seriea  of  rapid  low  jumps  with  each  leg  alter- 
Uttely  ;  s<j  that,  during  each  <;omplete  my^icular  act  concerned,  there  is  a  moment 
nhen  both  feet  are  off  the  ground. 

In  all  these  caa^s.  however,  the  description  of  the  manner  in  which  any 
effect  is  produeeti,  can  give  but  a  very  imperfect  idea  of  the  in6oite 
r  of  combined  and  harmoniously  arranged   muscular  contractions  which 

FiMcaisary  for  even  tlie  siniplest  acts  of  locomotion. 

Action  of  the  Involuntary  Muscles. — The  involuntary  muscles 

*  for  the  most  part  not  uttiiciii^il  to  bones  arranged  to  act  as  leyers,  but 

into  the  formation  of  such  hollow  parts  as  require  a  diminution  of 

calibre  by  museulur  action,  nmicr  particular  circumstances.     Ex- 

of  this  action  are  to  be  found  in  the  intes^tines,  urinary  bladder, 

and  blood' vessels,  gall-bladder,  gland-ducts,  etc. 

The  difference  in  the  manner  of  contraction  of  the  striated  and  non- 

iated  tibrtfs  bai*  been  already  referred   to  (p.  52 '.t)  J  ^uid  tlie  peculiar 

licular  or  peristaltic  action  of  the  latter  fibres  has  also  been  described. 

Electrical  Cuukents  ix  Nerves, 

The  electrical  condition  of  nerves  is  so  closely  connected  with  the 
mena  of  muscular  contraction,  that  it  will  be  convenient  to  con- 
it  in  the  present  chapter. 
If  a  piece  of  nerve  be  removed  from  the  body  and  subjected  to  exami- 
Aion  in  a  way  similar  to  tliat  adopted  in  the  case  of  muscle,  which  has 
ea  described,  electrical  currents  are  found  to  exist  which  correspond 
aotly  to  the  natural  muscle  currents,  and  which  are  called  naiural 
currents  or  currents  of  rest^  according  as  one  or  other  theory  of 
■^-istence  be  adopted,  as  in  the  case  with  niuselc.      One  point 
k  )  on  the  surfat^e  being  positive  to  all  other  points  nearer  to  the 

t  ends,  and  the  greatest  deHection  of  the  needle  of  the  galvanometer 
ting  place  when  one  electj'ode  is  u}iplied  to  the  equator  and  the  other 
the  centre  of  cither  cut  end.     As  in  the  case  of  niU8elc,  these  nerve 
|rrent8  undergo  a  negative  variation  when  the  nerve  is  stimulated,  the 
iation  being  momentary  and  in  the  opposite  direction  to  the  natural 
i&\  and  are  similarly  known  as  the  currents  of  action*     The  eur- 
of  action  are  propagated  in  both  directions  from  the  point  of  the 
plication  of  the  stimulus,  and  are  of  momentary  duration. 

Rheoscopic  Frog,— This  negative  variation  may  Ix*  demonstrated  by  meanR  of 

»  folluwing  experiment.     Thp  innv  riirretit  produred  Ijy  stimulating  the  nerve 

<me  nr?rve*musrh»  prefiaration  niay  h(*  (isfd  to  stimulate  the  neri't^  of  a  st*cond 

Fe-muscle  preparation.     The  foreleg  of  a  frog  with  the  nerve  going  to  the 
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gastrocnemius  cut  lonfi:  is  pla(*(Hl  uiMm  a  [tIuhh  plato,  and  arranged  in  such  w: 
that  its  nerve  touches  in  two  places  the  sciatic  nerve,  exposed  but  preserv 
in  situ  in  tlie  opposite  thigh  of  the  frog.  The  electrodes  from  an  inducti* 
coil  are  placed  behind  the  sciatic  nerve  of  tlie  second  preparation,  high  u 
On  stimulating  it  with  a  single  induction  shock,  the  muscles  not  only  of  t] 
same  leg  are  found  to  undergo  a  twitch,  but  also  those  of  the  first  preparatioi 
although  this  is  not  near  tlie  electrodes,  and  so  the  stimulation  cannot  be  di 
to  an  escape  of  the  current  into  the  first  nerve.  This  experiment  is  know 
under  the  name  of  the  rheoscopic  frog. 

Nerve-Stimuli. — Nerve-fibres  require  to  be  stimulated  before  thej  ca 
manifest  any  of  tlieir  properties,  since  they  have  no  power  of  theniseki 
of  generating  force  or  of  originating  impulses.  The  stimuli  which  ai 
capable  of  exciting  nerves  to  action  are,  as  in  the  case  of  muscle,  ver 
diverse.  They  are  very  similar  in  each  case.  The  mechanical,  eheni 
ical,  thermal,  and  electric  stimuli  whicli  may  be  used  in  the  one  cas 
are  also,  with  certain  dilTercnces  in  the  methods  employed,  efficacious  i 
the  other.  Tlio  chemical  stimuli  are  chiefly  these:  withdrawal  of  watei 
as  by  drying,  strong  solutions  of  neutral  salts  of  potassium,  sodium,  etc. 
free  inorganic  acids,  except  phosphoric;  some  organic  acids;  ethei 
chloroform,  and  bile  salts.  The  electrical  stimuli  employed  are  tk 
induction  and  continuous  currents  concerning  which  the  observations  i 
reference  to  muscular  contraction  should  be  consulted.  Weaker  el« 
trical  stimuli  will  excite  nerve  than  will  excite  muscle;  the  nerve sti mil 
appears  to  gain  strength  as  it  descends,  and  a  weaker  stimulus  applie 
far  from  the  muscle  will  have  the  same  effect  as  a  stronger  one  applie 
to  the  nerve  near  the  muscle. 

It  will  be  only  necessary  here  to  add  some  account  of  the  effect  of 
constant  current^  such  its  that  obtained  from  a  DanielPs  battery,  upom 
nerve.  This  olToct  may  be  studied  with  the  apparatus  described  befon 
A  pair  of  electrodes  is  placed  behind  the  nerve  of  the  nerve-muscle  prep 
aration,  witli  a  I)u  Bois  Reymomrs  key  arranged  for  short  circuitini 
the  battery  current,  in  such  a  way  that  when  the  key  is  opened  the  car 
rent  is  sent  into  the  nerve,  and  when  closed  the  current  is  cut  off.  I 
will  be  found  that  with  a  current  of  moderate  strength  there  will  bei 
contraction  of  the  muscle  both  at  the  opening  and  at  the  clasing  of  tJK 
key  (called  respectively  waking  and  hreakinfj  contractions),  but  thil 
during  the  interval  Ix^tvveen  these  two  events  the  muscle  remains  flaccidi 
I)r()vided  tlie  battery  current  continues  of  constant  intensity.  If  tta 
current  be  a  very  weak  or  a  very  strong  one  the  effect  is  not  quite  tin 
same;  one  or  other  of  the  contractions  may  be  absent.  Which  of  the^ 
contractions  is  absent  depends  upon  another  circumstance,  viz.,  th 
(lirertion  of  the  current.  The  direction  of  the  current  may  be  ascendi^ 
or  descending:  if  ascending,  the  anode  or  positive  pole  is  nearer  th| 
muscle  than  the  cathode  or  negative  pole,  and  the  current  to  return  ti 


MUSCLE'NEBVE    PHYSIOLOGY. 


529 


battery  has  to  pass  up  the  nerve;  if  descending,  the  position  of  tht> 

ctrodes  is  reversed*     It  will  be  necessary  before  coneideriag  this  ques- 

fprther  to  return  to  the  apparent  want  of  effect  of  the  constant 

at  during  the  interval  between  the  make  and  break  contraction:  to 

EppearanC'es  no  change   is  produced,  but  in  reality  a  very  important 

ftlion  of  the  irritability  is  brought  about  in  the  nerve  by  the  passage 

this  constant  (polarising)  current.     This  may  be  hIiot^ti  in  two  ways, 

.  of  fill  by  the  galvanometer.     If  a  piece  of  nerve  he  taken,  and  if  at 

Piber  cud  an  arrangement  be  made  to  test  the  electrical  condition  of 

f  nerve  by  means  of  a  pair  of  nou-polarizable  electrodes  connected  with 

I,  pdvaiioraeter,  while  to  the  central  portion  a  pair  of  electrodes  con* 

with  a  Danieirs  battery  he  applied,  it  w^ill  be  found  that  the 

arai  nerve-currents  are  profoundly  altered  on  the  passage  of  the  con- 

Dt  current  in  the  neighborhood.      If  the  polarizing  current  be  in  the 

redirection  as  tht^  latter  the  natural  current  is  increased,  but  if  in 

direction  opposite  to  it,  the  natural  current  is  diminished.     This 

age,  prod  need  by  the  continual  pjussage  of  the  battery-current  tlirough 

tion  of  the  nerve,  is  to  be  distinguished  from  the  negative  varia- 

1  of  the  natural  current  to  which  allusion  has  k'cn  already  made,  and 

icb  is  a  momentary  change  occurring  on  the  sudden  application  of 

gtiinulus.     The  condition   produced  by  the  passage  of  a  constant 

it  is  known  by  the  name  of  Electrotonus. 

A  second  way  of  showing  the  e fleet  of  the  polarizing  current  is  by 

king  a  nerve-muscle  preparation  and  applying  to  the  nerve  a  pair  of 

ctrodes  from  an  induction  coiU  while  at  a  point  further  removed  from 

I  muscle,  electrodes  from  a  Dan i ell's  battery  are  arranged  with  a  key 

ihort  circuiting  and  an  ap|>aratns  (reverser)  by  which  the  battery 

But  niay  be  reversed  in  dircetion.     If  the  exact  point  be  iiscertiiined 

h  which  the  secondary  coil  should  be  moved  from  the  primary  coil  in 

that  a  minimum  contraction  be  obtained  by  the  induction  shock, 

the  secondary  coO  be  removed  slightly  further  from  the  primary, 

indactioQ  enrrent  cannot  now  produce  a  contraction;  but  if  the 

rizlng  current  be  sent  in  a  descending  direction,  that  is  to  say,  with 

)  cathode  nearest  the  other  electrodes,  the  induction  current,  which 

before    insufficient,   will    prove  sutfioieut  to   cause  a  contraction; 

kcreby  indicating  that  with  a  descending  current  the  irritability  of 

I  nerve  is  increased.     By  means  of  a  somewhat  similar  experiment  it 

*  be  shown  that  an  ascending  current  will  diminish  the  irritability 

nerve.     Similarly,  if  instead  of  applying  the  induction  electrodes 

the  other  electrodes  they  are  applied  between  them,  like  effects 

demonstrated,  indicating  that  in  the  neighborhood  of  the  cathode 

irritability  of  the  nerve  is  increased  by  the  passage  of  a  constant 

rent,  and  in  the  neighborhood  of  the  anode  diminished*     This  in* 

34 
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crease  in  irritability  is  called  katelectrotonuSy  and  similarly  i 
decrease  is  called  anelectrotonus.  As  there  is  between  the  electro 
both  an  increase  and  a  decrease  of  irritability  on  the  passage  of  a  ] 
larizing  current,  it  must  be  evident  that  the  increase  must  shade  offii 
the  decrease,  and  that  there  must  be  a  neutral  point  where  there 
neither  increase  nor  decrease  of  irritability.  The  position  of  tl 
neutral  point  is  found  to  vary  with  the  intensity  of  the  polarizing  ei 
rent — when  the  current  is  weak  the  point  is  nearer  the  anode,  wh 


Fig.  saO.  — Diaffr&m  illustrstinR  the  effects  of  Tarious  intensities  of  the  polarising  cnmi 
n.  n\  nerve;  a,  anode:  k,  kathode;  the  curves  above  indicate  increase,  and  those  below  deem 
or  irritability,  and  when  the  current  is  small  the  increase  and  decrease  are  both  small,  witii  1 
neutral  point  near  a,  and  8o  on  as  the  current  is  increased  in  strength. 

strong  nearer  the  kathode  (tig.  339);  when  a  constant  current  psa 
into  a  nerve,  therefore,  if  a  contraction  result,  it  may  be  assumed  th 
it  is  due  to  the  increased  irritability  produced  in  the  neighborhood 
the  kathode,  but  the  breaking  contraction  must  be  produced  by  ari 
in  irritability  from  a  lowered  state  to  the  normal  in  the  neighborho 
of  the  anode.  The  contractions  produced  in  the  muscle  of  a  nen 
muscle  preparation  by  a  constant  current  have  been  arranged  in  a  tal 
which  is  known  as  Pfliiger's  Law  of  Contractions.  It  is  really  onlj 
statement  as  to  when  a  contraction  may  be  expected : — 


Strenoth  of  Current  tskd. 


Very  Weak 

Weak 

Moderate. . 
Strong  .... 


Dehcenoino  Ctrrent. 


AscENDDfo  Crutzsrr. 


Mako. 

Break. 

Make. 

'         Br««k. 

1 

Yes. 

No. 

No. 

No. 

Yes. 

No. 

Yes. 

No. 

Yes. 

Yes.         1 

Yes. 

:       Yes. 

Yes. 

No.         1 

No. 

1        Yes. 

The  difficulty  in  this  table  is  chiefly  in  the  effect  of  a  weak  ascendil 
current,  but  the  following  statement  may  remove  it.  The  increased 
irritability  at  the  kathode  when  the  current  is  made  is  more  potent  ( 
produce  a  contraction  than  the  rise  of  irritability  at  the  anode  when  <l| 
current  is  broken ;  and  so  with  weak  currents  the  only  effect  is  a  oa^ 
traction  at  the  make  of  both  currents.     The  descending  current  is  oMi 
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ent  than  the  ascemling  {iind  with  still  weaker  currents  la  tlie  only 

>  which  produces  any  elTect),  since   the  kathode  is  near  the  muflcle. 

I  the  case  of  the  ascending  current  the  stimukia  has  to  pass  through  a 

rict  of  diminished  irritability,  which  with  a  very  strong  current 

as  a  block,  being  of  considerable  amount  and  extent,  but  with  a 

current  being  lesvS  considerable  both  in  intensity  and  extent,  only 

btlj  affects  the  contraction.     As  the  current  is  stronger  however, 

rery  from  anelectro tonus   is  able  to  produce  a  contraction  as  well 

1  katelectrotonos ;   a  contraction  occurs    both   at   the   make   and    the 

of  the  current.     The  absence  of  contraction  with  a  very  strong 

&nt  at  the  break  of  the  ascending  current  maybe  explained  by  sup- 

ing  that  tlie  region  of  fall  in   irritability  at  the  kathode  blocks   the 

flttlus  of  the  riec  in  irritability  at  the  anode, 

Thns  we  have  seen  that  two  circumstances  influence  the  effect  of  the 
mt  current  upon  a  nerve,  viz.,  the  strength  and  direction  of  the 
ent.  It  is  also  necessary  that  the  stimulus  should  he  applied  ^wrf- 
'and  not  gradually,  and  that  the  irrUabUihj  of  the  nerve  sJtonld  be 
b//  not  increaserl  or  diminislied.  Soinetimes  (when  the  prepara- 
is  sj>ecially  irritable?)  instead  of  a  simple  contraction  a  tetanus 
i  at  the  make  or  break  of  the  constant  current.  This  is  especially 
to  occur  at  the  break  of  a  strong  ascending  current  which  has 
parsing  for  some  time  into  the  preparation;  this  is  called  Ritter*S 
lus,  and  may  be  increased  by  passing  a  current  in  an  opposite  di- 
or  stopped  by  passini^  a  enrrent  in  the  same  direction. 


'Effect  of  Battery  Curbekts  on  Normal  Ulman  Nerves. 

The  following  account  is  condensed  from  Lombard  in  "  An  American 

-book  of  Physiology.'* 
As  au  electric  current  cannot  be  applied  to  living  human  nerves  di- 
llj,  it  is  applied  to  the  skin  along  the  course  of  the  nerve.     The  cur- 
tea  from  the  anode  or  positive  pole  through  the  skin^  and  spreads 
» in  the  tissues  moch  as  the  bristles  of  a  brush;  it  then  gradually 
lleeniratea  and  leaves  the  skin  at  the  kathode  or  negative  pole, 
[In  addition  to  the  physical  anode  and  kathode  of  the  battery,  there 
irhat  are  called  physiological  anodes  and    kathodes.      There   ia  a 
(iological  anode  at  every  point  where  the  current  enters  a  nerve,  and 
bjTsiological  kathode  at  every  point  where  it  leaves  it, 
[Generally  when  the  current  ia  applied  to  nerves  through   the  ekin, 
f  part  of  it  flows  longitudinally  along  the  nerves;  most  of  it  passes 
f^ally  through  them  to  the  tissues  below,     Thns  it  happens  that  in 
part  of  the  nerve  beneath  either  the  physical  anode  or  kathode, 
i  of  physiological  anodes  and  kathodes  are  found. 
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The  ooD traction  which  occurs  when  the  current  is  closed  (closing i 
traction)  represents  irritation  at  the  physiological  kathodle,  while 
opening  contrcuUion  represents  irritation  at  the  physiological  am 


t 


yjY^ 


Fl|?.  340.— Diagram  of  akin  and  sublaoent  nerre.  A,  the  posltlTe  electrode  or  pbjilcal  m 
B,  the  uegativH  electrode  or  physical  Icathode.  Signs +t  phyiioliOglcal  anodes;  signs  — ,  pl^ 
logical  katliodea.    C After  Waller.) 

Since  there  are  physiological  anodes  and  kathodes  beneath  each  el 
trode,  one  or  more  of  four  conditions  may  arise: 

1.  Anodic  closing  contraction^  t.^.,  the  effect  of  the  change  deTdo]; 
at  the  physiological  kathode,  beneath  the  physical  anode  (positiTe  pol 

2.  Anodic  opening  contraction^  i.6.,  the  effect  of  the  change  dereloi 
at  the  physiological  anode,  beneath  the  physical  anode  (positive  pole) 

3.  Kathodic  closing  contraction^  i.e.,  the  effect  of  the  change  der 
oped  at  tlio  physiological  kathode,  beneath  the  physical  kathode  (aef 
tivo  pole). 

4.  Kathodic  opening  contractiony  i.e.,  the  effect  of  the  change  def 
oped  at  tlio  ])hysiological  anode,  beneath  the  physical  kathode  (negati 
pole) . 

The  following  abbreviations  of  these  contractions  are  nsed:  AO 
AGO.  KCC,  KOC. 

Tho  closing  contractions,  KCC  and  ACC,  are  stronger  than  ii 
opening  contractions,  KOC  and  AOC.  Of  the  closing  contractidl 
KCC  is  stronger  than  ACC.  Of  the  opening  contractions,  AOO 
stronger  than  KOC.  These  facts  are  also  shown  in  a  table  of  the  efEaf 
of  gradually  increasing  the  strength  of  the  current. 

Weak  currenis.  Medium  currentii.  Strong  carrents. 

KCC  KCC  KCC 

ACC  AGO 

AOC  AOO        I 

KOO       1 


Sometimes  AOC  is  stronger  than  ACC. 

In  diseases  which  cause  degeneration  of  the  nerves  going 
stimulation  causes  results  different  from  the  above,  and  we  get 
known  as  the  reaction  of  degeneration. 


toamM 
get  whalj 
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MUSCULAK   AND   NeRVOUS    METABOLISM. 

The  question  of  the  metubolism  of  muaclc  both  in  a  resting  and  in  an 

ive  condition  has  for  many  years  occupied  the  attention  of  physiolo- 

It  cannot  be  said  even  now  to  be  thoroughly  understood.     Most 

the  facts  with  reference  to  the  subject  have  been  already  mentioned, 

fB  may  shortly  recapitulate  them  here: — First,  muscle  during  rest  ab- 

^fae  oxygen  and  gives  out  carbon  dioxide.     Thin  has  Ix'cn  shown  by  an 

liysis  of  the  gases  of  the  blood  going  to  and  leaving  nnisolea.     During 

Inty,  €,  5f.,  during  tetanus,  the  same  interchange  of  gases  takes  place. 

the  quantities  of  the  oxygen  absorbed  and  of  the  carbon  dioxide 

fen  np  are  increased,  and  the  proportion  between  them  is  altered  thus: — 


L                 Venous  Blood. 

O.  less  thAD  ArteH&l 
Blood. 

OOi,  more  thAo  Arterf  a1 
Blood, 

9  per  cent 

6.71  per  cent 

jpetiTf)  moflcle 

n.m  per  cent. 

10.70  per  ceot. 

There  is  then  a  greater  proportion  of  carbon  dioxide  produced  in 

lie  during  activity  than  during  rest. 
During  rigor  mortis  there  h  also  an  increased  production  of  carbon 
ide. 

and,  muscle  during  rest  produces  nitrogenous  crystal lizable  sub- 

8,  such  as  kreatin,  froru  tlie  metabolism  which  h  constantly  going 

it  during  life;   in  addition  there  h  in  all  probability  sarcohictic 

i  formed  and  other  non-nitrogenous  matters. 

^During  activity  the  nitrogenous  substances,  such  m  kreatin,   iiodergo 

slight^  if  any,  increase — about  tlie  amount  produced  during  rest — 

the  sarcolactic  acid  is  distinctly  increased;  sugar  (glucose)  is  also 

Bd,  whereas  the  glycogen  is  diminished. 
During  rigor  mortis  tlie  sarcohictii;  acid  is  also  increased,  and   in  ud- 
my 06111  is  fornietl. 

i>m  theee  data  it  is  assumed  that  the  processes  which  take  place  in 

:  and  active  muscle  are  Bomewhat  dilTerent,  at  any  rate  in  degree. 

actively  contracting  muscle,  also,  there  are  obtained  an  increased 

int  of  heat  and  mechanical  work,  mora  potential  is  converted  into 

tic  energy. 

ay  theories  have  been  proposed  to  explain  the  facts  of  muscular 
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energy.  It  has  been  Buggested  by  Herman  that  muacular  activitj  df 
pcnds  upon  the  splitting  up  and  subsequent  re-formation  of  a  compli 
nitrogenous  body,  called  by  him  Inogen.  When  this  body  so  splits 
there  result  from  its  decomposition,  carbon  dioxide,  sarcolactic  a 
and  a  gelatino-albuminous  body.  Of  these  the  carbon  dioxide  is  canii 
away  by  the  blood  stream ;  the  albuminous  substance  and  possibly 
acid,  at  any  rate  in  part,  go  to  re-form  the  inogen.  The  other  materii 
of  which  the  inogen  is  formed  are  supplied  by  the  blood;  of  these 
rials  we  know  that  some  carbohydrate  substance  and  oxygen  form  a  pa 
The  decomposition,  although  taking  place  in  resting  muscle,  reaclui 
climax  in  active  muscle,  but  in  that  condition  the  destruction  of  inogi 
largely  exceeds  restoration,  and  so  there  must  be  a  limit  to  moscol 
activity.  But  this  is  not  the  only  change  going  on  in  muscle,  there 
others  which  affect  the  nitrogenous  elements  of  the  tissue,  and  fra 
them  result  the  nitrogenous  bodies  of  which  kreatin  is  the  chief;  thi 
changes  may  be  unusually  large  during  severe  exercise. 

It  has  been  further  suggested  that,  as  myosin  is  undoubtedly  fo] 
in  rigor  mortis,  when  the  muscle  becomes  acid  and  gives  off  carii 
dioxide,  that  myosin  is  also  formed  when  muscle  contracts,  and  that, 
other  words,  contraction  is  a  condition  akin  to  partial  death 
electrical  reaction  appears  to  justify  this;  both  contracted  and  dsi 
muscle  are  negative  to  living  muscle,  when  at  rest.  What  happem 
the  myosin  which  is  formed  when  muscle  contracts,  if  this  view  be 
correct  one,  is  unknown.  Halliburton  suggests  that  the  myosin  whii 
can  be  made  to  clot  and  unclot  easily  enough  outside  the  body,  is 
to  do  the  same  thing  in  the  body.  It  is  possible  that  the  clotting 
myosinogen  which  is  supposed  to  occur  during  contraction,  is  not  of 
same  intensity  or  extent  as  that  which  occurs  post  mortem.  The  r 
tion  of  the  hypothetical  inogen  to  the  rest  of  the  muscle-tibre  is 
termined.  It  may  be  that  the  inogen  is  formed  by  the  activity  of 
muscle-protoplasm,  and  stored  up  within  itself,  and  that  during  rest 
muscle  it  is  gradually  used  up,  whereas  in  activity  it  is  suddenly 
explosively  decomposed.  In  the  rest  of  the  fibre  the  nitrogenous  m 
holism  continues  much  the  same  during  rest  as  during  activity. 

Again,  liistologically,  the  question  as  to  which  is  the  contractile 
which  is  the  non-contractile  part  of  muscle,  has  been,  as  we  have i 
(p.  80  cf  seq.),  a  matter  of  much  controversy. 

As  regards  7iervous  metabolism,  we  have  little  knowledge  of  anytki 
except  the  electrical  phenomena  which  have  been  already  consiA 
For  the  maintenance  of  nervous  irritability,  oxygen  is  required;  toffll 
this,  it  has  been  suggested  that  the  nervous  impulse  is  the  result 
processes  of  an  oxidative  character,  etc.     The  chief  seat  of  the  meti 
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is  DO  donbt  the  axis-oylinder.  The  qnestion  whether  a  nervous 
Ise  is  possibly  an  electrical  change^  as  has  been  asserted  by  some, 
ot  be  at  present  settled^  but  if  it  be  so,  at  any  rate  it  differs  cssenti- 
!rom  an  ordinary  current,  if  in  no  other  respect,  at  any  rate  in  the 
ot  transmission. 


Fig,  341  ^Tbe  l.,arvnx,  as  aeeai  frtnu  the  frofit,  showing  the  cartUaKos  and  llirainetita    Ttei 
cles,  with  the  exoeptioD  of  one  cricothyroid,  are  ciit  off  lUiort,     i  Stoerk,  > 

the  respiratory  apparatus.  lo  many  animals,  the  sound  adniit$  of  I 
variously  modified  aad  altered  during  and  after  its  production;  i 
man,  one  sueli  modii3cation  occurring  in  obedience  to  dictates  <i| 
cerebrum,  is  speech ^ 

It  has  been  proved  by  observations  on  living  subjects,  by  tn^ 
the  laryngoscope  (p,  543),  as  well  \\s  by  experiments  on  the  larynx  b 
from  the  deati  body,  that  the  sound  of  the  human  voice  is  the 
of  the  vibration  of  the  inferior  laryngeal  ligaments,  or  the  true 
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cords  which  bound  the  ghtihy  caused  by  currents  of  expired  air  inipi^knl 
€^er  their  edges.  If  a  free  opening  exists  in  the  trachea,  the  sound  of 
the  voice  ceaaes,  but  it  returns  if  the  opening  is  closed.  An  opening 
into  the  air-paflsages  above  the  glottis,  on  the  contrary,  does  not  prevent 
^the  voice  being  produced.  By  forcing  a  current  of  air  through  the 
IX  in  the  dead  subject,  clear  vocal  sounds  are  elicited,  though  the 
Iglottis,  the  upper  ligaments  of  the  larynx  or  false  vocal  cords,  the 
^Tentricles  between  them  and  the  inferior  ligaments  or  true  vocal  cordsj 
the  upper  part  of  the  arytenoid  cartilages,  be  all  removed;  provided 
tree  vocal  cords  remain  entire,  with  their  points  of  attachment, 
be  kept  tense  and  so  approximated  that  the  fissure  of  the  glottis,  may 
I  narrow. 
The  vocal  ligaments  or  cords,  therefore,  are  regarded  ;is  the  proper 
for  the  production  of  vocal  sounds:  the  modifications  of  these 
[ids  being  effected,  as  will  be  presently  explained,  by  other  parts, 
by  the  tongue,  teeth,  lips,  etc.  The  structure  of  the  vocal  cords 
apted  to  enable  them  to  vibrate  like  tense  membranes,  for  they  are 
itially  composed  of  elastic  tissue;  and  they  are  s€»  attached  to  the 
tilaginons  parts  of  the  larynx  that  their  position  and  tension  can  be 
rioasly  altered  by  the  contraction  of  the  muscles  which  act  on  these 
fpartd. 

Thus  it  will  be  seen  that  the  larynx  is  the  organ  of  voice.     It  may 

^d  to  consist  essentially  of  the  tw^o  vocal  cords  and  the  various  car- 

Itilaginous,  muscular,  and  other  apparatus  by  means  of  which  not  only 

le^n  the  aperture  of  the  larynx  {rima  glottidis),  of  which  they  arc  the 

iteral  boundaries,  be  closed  against  the  entrance  and  exit  of  air  to  or 

rom  the  lungg,  but  also  by  means  of  whicli  the  cords  tlicmselvcs  can  l>e 

iretched  ov  rclaj^eti^  brought  togetlior  and  separated  in  accordance  witli 

i  conditions  that  may  be  necessary  for  the  air  in  passing  over  them,  to 

them  vibrating  to  produce  the  various  sounds.     Their  action  in 

lieepiration  has  been  already  referred  to. 


Anatomj  of  the  Larynx. — The  princiifal  parts  entering  into  the  formation  of 

I  lannuc  (figs.  342  and  JM3)  are — ^the   thyroid  cartilage;  the  cricoid  cartilage; 

two  arytenoid  cartilages  ;  and   the  two  true  vocal  cords.     The  epiglottis 

343)*  has  but  little  to  do  with  the  voice,  and  is  ehiefly  nseful  in  protect- 

[tbe  upper  part  of  the  larynx   from  the    entranie  ot'  fofxl    Nn<l    drink    in 

[itition.     It  also  proliably  guides  mucus  or  other  fluids  hi  »ma!l  amount 

the  mouth  around  the  side^  of  the  upjier  opening  of  the    glottis  into  the 

IX  and  cesophagUB :   thus  preventing   them  from  entering  the    larynx. 

>  false  vocal  cordaand  the  ventricle  of  the  laryux,  which  is  a  s^pace  betvv*M^n 

I  false  and  the  tnie  cord  of  either  side,  need  be  here  only  referred  to. 

^riiiageJt, —  (a)  The  th}froid  cartilage  (fig.  842,  I  to  4)  does  not  forra  a  com- 

ring  ar^^iuod  the   larynx,    but  only  covers  the  front    portion,     (b)  The 

rid  cartilage    (fig.    842,  6,  d),  ou  the  other  hand,  is  a  complete  ring ;  the 
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back  part  of  the  ring  beiDg  uuich  broader  thau  the  front.     On  the  top  of  thil ! 
broad  portion  of  the  cricoid  are  (c)  the   arytenoid  cartilagas    (fig,  S42,  7).  the 
connection  between  tlie  cricoid  below  and  arytenoid  cartilages  above  being  a  joint 
with   synovial   membrane   and   lijjainents.  the  latter  permitting  tolerably  frtt 


^•J^. 


K    L% 


m 


cfll  ridf^  or  pomiuD  Adami ;  ^,  riiziit  alu:  8s  supeiiar,  and  4,  inft^rlor  t?orDii  of  the  ri^t  side:  i,l 
cricoid  cATtilaeie;  5,  tnslde  of  the  poaterior port ;  6«  anterior  narrow  part  of  the  ring;  7,  i 
cartilft#r*^.     X  H. 

motion  between  them.     But  although  tlie  arytenoid  cartilages  con  move  on  1 
CI  if  oi*l,  they  of  course  ai  ("onipjiny  the  latter  in  all   its  movements,  just 
head  nitx}'  ntwi  or  turn  on  the  top  of  the  spinal  column,  but    must  accamp 
it  in  all  its  movements  hh  a  whole. 

Jointg  atid  /ji^omew/??,— Tin*  thyroid  curtilage   is  also  connected  with 
cricoid,  not  only  by   liijanientjii.  but  also  by  joints  witli  synovial  membmne 
the   lower  cornutt  of   the  thyroid   olaisping,  or  nipping,  as  it  were,  the  eric 
l>etweeu  them,  but  nut  so  tigiitly  but  that  the  thyroid  can  re  velvet    witliia  \ 


lag  Aiy.-epliriott, 


4krt.  tiantodni 

Va.H,  anU^tu 
Proc,  tntiseul. 

lii^.  dicoHuytcsu  « 
Ug.  ceTmio«crk3t».  post,  sop.  . 

Corau  iofer* 

Jjg.  carat-t'iiw,  po«t,  inf. 


Gart.  triicJii^Qi 


h 


inembiwb. 


Fig,  34fl.— The  lanroz  as  t 


I  from  belli  od  after  removal  fkf  tbe  muscltw.    The  cartilages  fl 
amenta  only  remain.     <8t«erk.) 


certain  range,  aroimd  an  axis  passing  transversely  through   the  two  joints 
which  the  cricoid  is  claajied.     The  vocal  cordn  are  attached  (behind)  to 
front   ]rK>rtion   of  the   l>ase   of   the   arytenoid   cartilages,  and    (in  front)  tol 
re-entering  angle  at  the  hack  part  of  the  thyT-oid  ;  it  is  evident,  therefore,  that  I 


THK 

ementa  of  eitht?r  of  Ihese  cartitagee  must  produce  an  effect  on  them  of 
B  kind  or  other.  Inasmuch,  too,  as  the  arytenoid  cartilages  rest  on  the 
Elf  the  hack  portion  of  I  he  cricoid  cartilage,  and  are  connected  with  it  by 
ular  and  other  ligament^*,  all  movements  of  the  cricoid  cartilage  must 
e  the  arytenoid  cartilages,  and  also  produce  an  effect  on  the  Tocal  cords. 
ntrinsic  Mttm^les.— The  intrioBic  muacles  of  the  larynx  are  so  connected 
I  the  laryngeal  cartiliiges  that  by  their  contraction  alterations  in  the  con- 
m  of  the  vocal  I'ords  and  giuttis  are  produced.  They  are  usually  divided 
four  classes  according  to  their  action,  viz.*  into  «5drtcfor^,  adductors, 
ncters,  and  ten^orn,  Tlie  Alxluctors,  the  mcoarytenokiei,  widen  the  glottis, 
»piiirating  the  cords ;  tlie  Adductors,  consisting  of  the  thyro-ary-epigJoltici, 
trytenoiiietis  jX)sticujf  seti  tramii'i^rsu^,  the  thyro-ariftenoidei  exteirjii,  the  cricO' 
moidei  laterales,  and  the  thip'O'iirytejioidei  ifttenti,  apjiroximate  the  vocal 
I,  diminish  the  rima  glottidjs,  and  act  genemUy  as  Sphincters  and  sup- 
VH  of  the  glottis.  Finally »  the  Tensors  of  the  cords  put  the  cords  on  the 
ch,  with  or  without  elongating  them  ;  the  tentsors  are  the  erico-ihyroidei 
the  t hf/fo ' a *t/ tenoidei  in ter ni, 

be  attachments  and  the  actiiiu  of  the   muscles  will  be   readily   understood 
I  Ihe  following  table.     All  the  muscles  art?  in  pairs  except  tiie  ar>'tenoideu8 


^ 


THE  SEVERAL  GROUPS    OF    TIIE    INTRINSIC  JIUttCLES    OF  THE    LaRYNX 
AND  THEIH  ATTACHMENTS. 


I. 

actors. 


I 


TAVULUL 


Attach»est^» 


Crico-aryte 
noidei  jxm 
tici. 


This  pair  of  muscles  arises,  on! 
either  side,  from  the  posterior 
surface  of  the  corrcHpouding  half 
of  the  cricoid  cartilage.  From 
this  depression  tlieir  tthrea  con- 
verge  on  either  side  upward  and 
outward  to  be  inserted  into  the 
outer  angle  of  the  base  of  the 
arytenoid  cartilages  h<*hind  the 
crico-aryteuoid  lateralea. 


nd  III. 
uctors  jIn  three  lay- 
sid  I     ere : 

ncters.   (a)        Outer 
layer, Thy - 
«  r  o  -  a  r  y  - 

■  epiglot- 

■  tici. 


Draw  inward  and 
backward  the 
outt*r  augh^  o  f 
arytenoid  carti- 
lages, and  so  ro- 
tate o  u  t  w  a  r  d 
the  processus  vo- 
cal is  and  widen 
the  glottis. 


A  pair  of  muscles.  Flat  and  nar- 
row, which  ai'ist*  on  eitlier  side 
from  the  prtx^esHUf*  muscular  is  of 
the  arytenoid  csntilu^e,  then  pass- 
iu)?  upward  and  iiiwarti  cross 
one  another  in  the  middle  line  to 
Ik*  inserte«l  into  the  upfier  half  of 
tlie  lateral  l>ortU'r  «if  the  opiwisite 
arytenoid  cartilage  and  the  jioste 
rior  border  of  the  caitilage  of, 
Sautorhii.  Tlie  lower  fibres  nm 
forward  and  downward  to  be 
insei-ted  into  the  thyroid  carti 
lage  nt^ar  the  commissure.  The 
fibres  attached  to  the  cartilage  of 
Sant^>rini  are  continued  forward 
and  upward  into  the  ary-epiglot 
tic  fold. 


Help  to  narrow  or 
close  the  rima 
glottidis, 
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Qmacr, 


MOMUL 


Attaohmhitb. 


AcnoK. 


II.  and  III. 
Adductors 

and 
Sphincters. 
— continued. 


(b)   MidcOe 
layer. 

i.  Aryte 
noideuB 
posticus. 


A  single  muscle.  Half -q  u  a  d  r  i- 
lateral,  attached  to  the  borders 
of  the  arytenoid  cartilages,  its 
fibres  running  horizontally  be- 
tween the  two. 


ii.  Thyro- 
aryteno  i  • 
dei  ex  • 
temi. 


ill.  Crico- 
arj'teuo  i  ■ 
doi  later 
ales. 


Draws  togetlM 
arytenoid  < 
lagesandaL 
presses  th 
When  the 
cleis  paral 
the  inter- 
laginous  pi 
the  cords  c 
come  togei 


(c)  Inner- 
most lay 
er,  Thyro- 
arytenoi- 
dei  in  - 
temi. 


A  pair  of  muscles.  Each  of  which 
consists  of  three  chief  portions 
— lower,  middle,  and  upper. 
The  lower  and  principal  fiores 
may  be  further  divided  into  two 
layers,  internal  and  external.. 
These  fibres  arise  side  by  side 
from  the  lower  half  of  the  inter- 
nal surface  of  the  thyroid  carti-; 
lage,  close  to  tlie  angle,  and  from' 
the  fibrous  ex{)an8iou  of  the  crico- 
thyroid ligament,  and  are  insert- 
ed into  the  lateral  border  of  the 
arytenoid  cartilage.  The  inner 
fibres  run  horizontally,  to  be  at- 
tache<l  to  the  lower  half  of  this 
border,  and  the  outer  fibres  pass 
obliquely  outward  to  be  inserted 
into  the  upper  half,  wliile  some 
pans  t;)  the  rartila^re  of  Wrisburg 
ami  the  ary -epiglottic  fold. 


A  pair  of  muscles.  They  arise  oi. 
ritlijr  side  from  the  middle  third 
of  the  upix»r  lK)rder  of  the  cricoid! 
cartilage  aud  are  inserted  intt>  the 
whole  anterior  margin  of  the  bast* 
of  the  arytenoid  cartilage.  Some 
of  their  fibres  join  the  thyroid- 1 
ary-ei)iglottici.  « 


A  pproximat* 
vocal  c 
by  drawir 
])roces8us 
cularis  of 
arytenoid 
lages  fo 
and  dowi 
and  so  rotj 
processus^ 
inward. 


A  pair  of  muscles.     They  arise  on  Render    the 


either  side,  internally  from  the- 
augle  of  the  tliyroid  cartilage, 
internal  to  the  last  described 
muscle  (  (b),  iii.),  and  running 
parallel  to  and  in  the  substance  of 
the  v(x?al  cords  are  attached  pos 
teriorly  to  the  processus  vocalis 
along  their  whole  length  and  to 
the  adjacent  part  of  the  outer 
surface  of  the  arj^tenoid  carti- 
lages. 


cords  tens 
rotate  the  i 
noid  cart 
and  approx 
the  pnx 
vocalis. 
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BmMJT. 


UtmcLm. 


Crieo  - 1  h  y- 
roidei. 


Thvro  -  ary 
tt'nu  i  d  f  i 
intemi. 


Attacbkents. 


A  pair  of  fao  shaped  muscles  at- 
taolied  on  either  side  Uj  the  cricoid 
cartiltige  bcdovv* ;  froiti  the  riieaial, 
line  in  front  for  nearly  one-half  of 
itH  late  nil  circumference  l>ack:- 
wanl  the  6hrey  pasn  upward  and 
outward  m  l>e  tittaehed  to  the  low- 
er lK^rder*»f  the  thyroid  cartilage 
and  to  the  front  border  of  its 
lower  cornea, 


AcnoK. 


The  most  posterior  part  is  almost 
a  distinct  Juuscle  and  ity  dbres 
are  all  but  horizontal:  aouit 
times  this  uuirjcle  in  d**ticribed  ais 
t'onwiBtini^  nf  two  layers,  HUtM^r 
ficial  with  cortical  tibr^s,  deep 
with  oblique  tibrtis,  described 
under  Group  III, 


The  thyroid  carti- 
lage being  lixed 
by  its  extriuftic 
m  u  a  €  1  e  8  ,  the 
front  of  the  cri- 
(^oid  cartilag:e  is 
drawn  upward, 
and  its  back, 
with  tlie  aryte* 
no  ids  attached, 
is  drawn  down. 
Hence  the  vocal 
cords  are  elon- 
gated a  n  t  e  r  D  * 
posteriorly  and 
l>wt  upon  the 
wt  retch.  Paral- 
ysis of  these 
muscles  causes 
an  inability  to 
produce  high 
note^. 

Described  above. 


AVn?€  :Suppiy-^ln  the  performance  of  the  functions  of  the  larynx  the  sensory 
meota  of  the  mtperlor  taripigeal  branch  of  the  vagus  supply  Umt  acute  sen- 
Uity  bvA^iiichthe  glottis  ia  guarded  against  the  ingress  of  foreign  bodies,  or 
ijTedpirable  gawes.  The  contact  of  the?:te  stimulateH  the  nerve  lilamentsj 
i  the  impression  conveyed  to  the  nieduila  oblongata,  whether  it  produce 
aatJOD  or  not.  is  reliecte<t  to  the  hlamenta  of  the  recurrent  or  inferior  lari/ug*rd 
iiicb.  and  excites  contraction  of  the  muscles  that  close  theglottin.  Both  these 
l^ehed  of  the  vagi  co-opemte  also  in  the  production  and  regulation  of  the 
iCe:  the  inferior  laryngeal  determining  the  contraction  of  the  amtscles  that 
ry  the*  teusi«m  of  the  vocal  cords,  arul  the  superior  laryngeal  conveying  to 
!  mind  the  sensation  of  th<j  ^tilU^  of  thcs«-  muacles  necessary  for  their  contin. 
Is  guidance.  And  both  the  branches  co-opc^rate  in  the  actions  of  the  lar)''nx 
the  ordinary  slight  dilatation  and  contraction  of  the  glottis  in  the  acts  of 
|)iration  and  inspiration,  and  more  evidently  in  those  of  coughing  and  other 
cible  respiratory  movements. 

The  laryngoscope  is  an  instrument  employed  in  investigating  during  life  the 
irditioD  of  the  pharynx,  lar^'-nx,  and  tTii^-hea.  It  consiHta  of  a  large  concave 
rror  with  perforattnl  centre  and  of  a  smaller  mirror  Qxed  in  a  long  handle. 
b  thus  used :  the  patient  is  placed  in  a  chair,  a  good  light  (argand  burner,  or 
ip)  is  arranged  on  one  side  of,  and  a  little  above  his  head.  The  oi)erator 
0  tlie  laxige  mirror  round  hii  head  in  such   a  manner,  that  he  looks  through 
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the  central  aperture  with  one  eye.     He  then  seats  himself  opposite  the  pafii 
and  so  alters  the  i>oj»iticm  of  the  mirror,  which   is  for  this  purpose^  proTJd 
with  a  ball  and  socket  joint,  that  a  beam  of  light  is  reflected  om  the  lips  of  1 
patient. 

The  patient  is  now  directed  to  throw  his  head  slightly  bacJnrard,  and 
opon  his  mouth  ;  the  reflection  from  the  mirror  lights  up  the  cavity  of 
mouth,  and  by  a  little  nlteration  of  the  distance  between  the  operator  and  i 
patient  the  point  at  which  the  g^reateat  amount  of  light  is  reflt?cted  by 
mirror — in  other  words  its  focal  length— is  readily  discovered.  The 
mirror  lixeti  io  the  handle  is  then  wanned,  either  t»y  holding  it  over  the  lamp 
or  by  putting  it  intt*  a  vessel  of  warm  water;  this  is  necessary  to  prevent  th 
cxjndeuBation  of  breath  upon  its  surface.     The  degree  of  beat  ia  regulated  byl 


Out.  Siuitorini'     i 
mw.  Anita.  oUiqii^ 

Ctomti  Inferior 
JJg'  wmtcH?rJc. 

BU»«  pant,  tnf « mpmlirani. 

Ttg,  JMC— The  lirynx  aaeeen  from  behind.    To  show  the  intrinsic  musclfls  poeteriorlr.    (S&oo^ll 

applying  the  back  of  the  mirror  to  the  hand  or  cheeky  when  it  should  feel  warm  J 
without  being  painful 

After  these  preliminaries  the  patient  is  directed  to  put  out  his  tongue,  whid 
is  held  by  the  left  haml  gently  but  tirnily  against  the  lower  t,eeth  bj^  me:iiis  < 
a  handkercliief.     The  wiinii  mirror  k  iKiaeed   tt)  the  back  of  the   mouth, 
it  rests  uiwn  and  slightly  raises  the  hase  of  the  uvula,  and  at  the  samoj 
the  light   is  directed   ypon   it;  an   inverted   image  of  the  larynx  and 
will  be  seen  in  the  mirror.     If  the  dorsum  of   the  tongue  be  alone  seen, 
handle  of  the  mirror  must  be  slightly  lowered  until   the  lar>*tLx  comes 
view  ;  care  should  be  taken,  howe^'er,  not  to  move  the  mirror  upon  tlie  uf 
as   it  excites  retching.     Tlie  obser^^atioQ  should  not  \ye  prolongied,  but ! 
rather  be  rept*ated  at  short  intervals. 

The  sinictures  seen  will  vary  somewhat  according  to  the  condition  of  I 
partfi  as  to  inspiration,  expiratiou,  phonation,  etc.  ;  they  are    {fig.  347) 
and  apparently  at  the  posterior  part,  the  Injm?  of  the  ttngite^  immediately  1 
which  is  the  accurate  outline  of  the  epiglottw,  with  iis  cushion  or  tub 
Then  are  seen  in  the  central  line  the  true  ?v>c»7f  conh.  white  and  shining  in  ( 
normal  condition.     Tlie  cords  approximate  (in  the  inverted  im^ge)  posterio 


^To  allow  the  po«itfoa  of  tbe  operator  and  patient  when  using  the  Laryngoscope. 

seen   during  deep  inepinitioo.     The  rings  of  the  trachea,  and   even  the 
^orcatioD  of  the  trachea  its^elf,  if  the  patient  be  directed  to  draw  a  deep  breathy 
i  seen  in  the  interval  between  the  true  vocal  cords. 


-Three  larytii^oticopic  views  of  the  superior  ui-t^rtni  • 
porta,    jt,  the  Klottia  diiriujf  (Ijti  Hfnlsjtion  of  II  hitifli  fKito  in  *(m 
lAifoi]  of  air;  C,  In  tlw  »Ulte  of  tlvo  wideHt  posiNlhle  iHilatation. 
Tli'-  (tiHk'nuii^  .W  H',  ;\lu<I  V\  ahow  in  iinnzonlnl  stx'tiotJS  of  tl 
li     1^  nl  rartllaMi^eM  in  thn  tliJVii*  Bi^vi-nil  stntt^?, 

i'  ;U4  iiiarkr<L  thL-  lettfins  indffjiau*  tlu*  ]^i 

ri  I   frei"  |iartuf  th«>*  fpiKlottJtn;  c',  Ujc  tuh- 

;j/(.  luiri  ot   ihr  autvri  T  wull  f>f  tho  pharynx  bfhiiiul  the  laryni ;  ii^ 
opijflottUlciiii  foM  I'',  the  jiw«*lltnK  "f  the  jiieinbrftor?  c«uft<>ii  hythe  vn 
of  the  carlihtj^eii  of  Sjintorlni;   n.   tluMip  or  wummit   of  itw  iiryti'ti«  i 
vocal  eonls  *>r  lk>s»  of  tUpi  riiiui  gjiottidis;    cr*»  tht*  Mir»»Tior  or  f«Is,e  v^c  , 
the    ventrirle  or  the  Iikpynx;    In   t\  fr  l«  plfl4_'e«l  on  tlie  anttrior  wall  oT 
■Atitl  ti  indJcatoH  tht^  cr<>mm*?ncement  of  the  two  Umnchi  N-yood  the   tjifui 
brotight  iuto  view  la  this  state  of  extreme  dihitatlou.    (Quain  after  CsenmLk.^ 


On 


J 


each  inspiration,  nod  n  little   narrower  at  each  expiration 

a  rapid  jiiid  deep  inspiration  the  opening  of  the  glottis  is  widely  di^ 

(fig,  347^  c)^  and  somewhat  lozenge-shaped. 

In  VocalizaHon, — At  the  moment  of  the  emission  of  a  note,  it  isi 
rowodj  the  margins  of  the  arytenoid  cartilages  heing  brought  into  ooi 
and  the  edges  of  the  voeal  eords  approximated  and  made  paraU 
the  siime  time  that  their  tension  is  much  increased,  The  higher  th« 
produced,  the  teoaer  do  the  coi*ds  become  (fig,  347,  A);  and  the  nui 
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voice  depend Sj  of  course,  in  the  main,  on  the  extent  to  which  the 
legree  of  tension  of  the  vocal  cords  can  be  thus  altered.  In  the  produc- 
of  a  high  note  the  vocal  cords  are  brought  well  within  sights  so  m 
be  plainly  visible  with  the  help  of  the  laryngoscope*  In  the  utter- 
l&ce  of  grave  tooes^  on  the  other  hand,  the  epiglottis  is  depressed  and 
tooQght  over  them,  and  the  arytenoid  cartilages  look  as  if  they  were 
fctying  to  hide  themselves  under  it  (fig.  348),     The  epiglottisj  by  being 


L — View  of  tbe  upper  port  of  tlif  larv  nx  as  w^ti  by  tneaiuigt  the  laryngoecopm  during 

,^ so  of  A  ^TSTO  Qoteu    c,  Epiglottia:  a\  tubercles  of  the  cartilaffOfl  of  Sajiioriiit;  a,  arjt- 

I  CArtiUgos;  z^  base  of  tho  tongue;  p&^the  posterior  ve&ll  of  ttie ptiATsnix.    (CxenuiLk.) 

aewhat  pressed  down  so  as  to  cover  the  superior  cavity  of  the  larynx, 

res  to  render  the  notes  deeper  in  tone  and  at  the  siime  time  somewhat 

aller,  just  OA  covering  the  end  of  a  short    tube  placed   in   front  of 

outchonc   tongues  lowers  the  tone.     In  no  other   respect   does  the 

piglottis  appear  to  have  any  effect  in  modifying  the  vocal  sounds. 

The  degree  of  approximation  of  the  vocal  cords  also  usoally  corre* 

onds  with  the  height  of  the  note  produced;  but  probably  not  always, 

the  width  of  the  aperture  has  no  essential  influence  on  the  height  of 

note,  as  long  as  the  vocal  cords  have  the  same  tension :  only  with  a 

aperture  the  tone  is  more  difficult  to  produce  and  is  less  perfect, 

i  rush ing  of  the  air  through  the  aperture  being  heard  at  the  same 


t 


No  true  vocal  sound  is  produced  at  the  posterior  part  of  the  aperture 
kihe  glottis,  that,  viz.,  which  is  formed  by  the  space  between  the 
aoid  cartilages.  For  if  the  arytenoid  cartilages  be  approximated 
liQcb  a  manner  that  their  anterior  processes  touch  each  other,  but  yet 
\  an  opening  behind  them  as  well  as  in  front,  no  second  vocal  tone 
f produced  by  the  passage  of  the  air  through  the  posterior  opening,  but 
ely  a  rustling  or  bubbling  sound;  and  the  height  or  pitch  of  the 
I  produced  is  the  same  whether  the  posterior  part  of  the  glottis  be 
or  not. 

The  Voice  in:  Singing  and  Speaking, 

Varieties  of  Vocal  Sounds. — The  laryngeal  notes  may  observe  three 
rent  kinds  of  sequence.  The  first  is  the  monotonous,  in  which  the 
I  have  nearly  all  the  same  pitch  as  in  ordinary  speaking;  the 
ety  of  the  sounds  of  speech  being  due  to  articulation  in  the  mouth. 
35 
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In  speaking,  howeyer,  occasional  syllables  generally  reoeive  A  Ir^ 
intonation  for  the  sake  of  accent  The  second  mode  of  seqaenoe  is 
successive  transition  from  high  to  low  notes,  and  vice  versd^  witb 
intervals;  such  as  is  heard  in  the  sounds,  which,  as  expreflsioDS  of  p 
sion,  accompany  crying  in  men,  and  in  the  howling  and  whinin; 
dogs.  The  third  mode  of  sequence  of  the  vocal  sounds  is  the  maflioi 
in  which  each  sound  has  a  determinate  number  of  vibrations,  and  tl 
numbers  of  the  vibrations  in  the  successive  sounds  have  the  same iditr 
proportions  that  characterize  the  notes  of  the  musical  scale. 

In  different  individuals  this  comprehends  one,  two,  or  three  octan 
In  singers — that  is,  in  persons  apt  for  singing — it  extends  to  two 
three  octaves.  But  the  male  and  female  voices  oommence  and  end 
different  points  of  the  musical  scale.  The  lowest  note  of  the  fem 
voice  is  about  an  octave  higher  than  the  lowest  of  the  male  voice;  1 
highest  note  of  the  female  voice  about  an  octave  higher  than  the  higl 
of  the  male.  The  compass  of  the  male  and  female  voices  taken  t(^il 
or  the  entire  scale  of  the  human  voice,  includes  about  four  octai 
The  principal  difference  between  the  male  and  female  voice  is,  theiefc 
in  iheiT pitch;  but  they  are  also  distinguished  by  their  tane^ — then 
voice  is  not  so  soft.  The  voice  presents  other  varieties  besides  thai 
male  and  female ;  there  arc  two  kinds  of  male  voice,  technicaUy  cs 
the  baas  and  /cwor,  and  two  kinds  of  female  voice,  the  contralto 
soprano^  all  differing  from  each  other  in  tone.  The  bass  voice  usn 
reaches  lower  than  the  tenor,  and  its  strength  lies  in  the  low  no 
while  the  tenor  voice  extends  higher  than  the  bass.  The  contr 
voice  has  generally  lower  notes  than  the  soprano,  and  is  strongest  in 
lower  notes  of  the  female  voice;  while  the  soprano  voice  reaches hi{ 
in  the  scale.  But  the  difference  of  compass,  and  of  power  in  diffe: 
parts  of  the  scale,  is  not  the  essential  distinction  between  the  diffe 
voices;  for  bass  singers  can  sometimes  go  very  high,  and  the  contr 
frequently  sings  the  high  notes  like  soprano  singers.  The  essei 
difference  between  the  base  and  tenor  voices,  and  between  the  conti 
and  soprano,  consists  in  their  tone  or  timhre^  which  distinguishes  t 
even  when  they  are  singing  the  same  note.  The  qualities  of  the  \ 
tone  and  mezzo-soprano  voices  are  less  marked;  the  haryt(me\mri[ 
termed iate  between  the  bass  and  tenor,  the  mezzo-soprano  between 
contralto  and  soprano.  They  have  also  a  middle  position  as  to  pitc 
the  scale  of  the  male  and  female  voices. 

The  differences  in  the   pitch  of   the  male  and   the   female  v 
depends  on  the  different  length  of  the  vocal  cords  in  the  two  a 
their  relative  length  in  men  and  women  being  as  three  to  two. 
difference  of  the  two  voices  in  tone  or  timbre,  is  owing  to  the  difli 
nature  and  form  of  the  resounding  walls,  which  in  the  male  larym 
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more  extensive,  and  form  a  more  acute  angle  anteriorlj.     The 

nt  qualities  of  the  tenor  ami  bass,  and  of  the  alto  and  soprano 

(probably  depend  on  some  peculiarities  of  the  ligaments,  and  the 

anon 8  and  cartilaginous  panetes   of  the  laryngeal  cavity,  which 

bt  at  present  understood,  but  of  whieh  we  may  form  some  idea, 

rft?coIlecting  that   musical  instruments  made  of  different  materials, 

tf^  metallic  and  gut-strings,  may  be  tuned  to  the  same  note,  but  that 

■ci  will  give  it  with  a  peculiar  tone  or  timbre. 

The  boy's  larynx  resembles  the  female  larynx;  their  vocal  cords 
fore  puberty  are  not  two-thirds  the  length  of  the  adult  cords;  and 
&  angle  of  their  thyroid  cartilage  is  as  little  prominent  as  in  the 
Hale  larynx.  Boys'  voices  are  alio  and  soprano^  resembling  in  pitch 
ieeof  women,  but  louder,  and  differing  somewhat  from  them  in  tone, 
I,  after  the  larynx  has  undergone  the  change  produced  during  the 
iod  of  development  at  puberty,  the  boy's  voice  becomes  bass  or  tenor, 
ik  the  change  of  form  is  taking  place,  the  voice  is  said  to  crack;  it 
Mll€8  imperfect,  frequently  hoarse  and  crowing,  and  is  unfitted  for 
fing  until  the  new  tones  are  brought  under  command  by  pnictice, 
BDuchs,  who  have  been  deprived  of  the  testes  before  puberty,  the  voice 
I  not  undergo  this  change.  The  voice  of  most  old  people  is  deficient 
;one,  unsteady,  and  more  restricted  in  extent:  the  first  delect  is 
ig  to  the  ossification  of  the  cartilages  of  the  lar^^nx  and  the  altered 
lition  of  the  vocal  cords;  the  want  of  et^^adiness  arises  from  the  loss  of 
ODS  power  and  command  over  the  muscles  j  the  result  of  which  i? 
^  as  in  other  parts,  a  tremulous  movement.  These  two  causes  com- 
d  render  the  voices  of  old  people  void  of  tone,  unsteady,  bleating, 
weak. 

IX  any  class  of  persons  arranged,  as  in  an  orchestra,  according  to  the 
acter  of  voices,  each  wonld  possess,  with  the  general  characteristics 
biiaB,  or  tenor,  or  any  other  kind  of  voice,  some  peculiar  character 
'hich  his  voice  would  be  recognized  from  all  the  rest.  The  condi- 
I  that  determine  these  distinctions  are,  however,  quite  unknown. 
r  are  probably  inherent  in  the  tissues  of  the  larynx,  and  are  as 
icernible  a.s  the  minute  ditlerences  that  characterize  men's  features; 
)tten  observes,  in  like  manner,  hereditary  and  family  peculiarities 
ice,  as  well  marked  as  tliosc  of  the  limbs  or  face. 
[oet  persons,  particularly  men,  have  the  power,  if  at  all  capable  of 
Dg,  of  modulating  their  voices  through  a  double  series  of  notes  of 
eot  character:  namely,  the  notes  of  the  natural  voice,  or  cltesf- 
and  the  fahetta  notes.  The  natural  voice,  which  alone  has  been 
rto  considered,  is  fuller,  and  excites  a  distinct  sensation  of  much 
rer  vibration  and  resonance  than  the  falsetto  voice,  which  has 
a  flute-like  character.     The  deeper  notes  of  the   male  voice  can 
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be  prodaced  only  with  the  natural  voice,  the  highest  with  the  falntti 
only ;  the  notes  of  middle  pitch  can  be  produced  either  with  the  natnia 
or  falsetto  voice;  the  two  registers  of  the  voice  are  therefore  not  limita 
in  such  a  manner  as  that  one  ends  when  the  other  begins,  but  they  no 
in  part  side  by  side. 

The  natural  or  chest-notes  are,  as  we  have  seen,  produced  by  the  a 
dinary  vibrations  of  the  vocal  cords.  The  mode  of  production  of  il 
falsetto  notes  is  still  obscure. 

By  MuUer  they  were  thought  to  be  due  to  vibrations  of  only  the  inM 
borders  of  the  vocal  cords.  In  the  opinion  of  Petrequin  and  Diday,  thi 
do  not  result  from  vibrations  of  the  vocal  cords  at  all,  but  from  viln 
tions  of  the  air  passing  through  the  aperture  of  the  glottis,  which  tin 
believe  assumes,  at  such  times,  the  contour  of  the  embouchure  of  a  flail 
Others,  considering  some  degree  of  similarity  which  exists  between  fl 
falsetto  notes  and  the  peculiar  tones  called  harmonic,  which  are  JH 
duced  when,  by  touching  or  stopping  a  harp-string  at  a  particular  pdd 
only  a  portion  of  its  length  is  allowed  to  vibrate,  have  supposed  that,  i 
the  falsetto  notes,  portions  of  the  cords  are  thus  isolated,  and  madal 
vibrate  while  the  rest  are  held  still.  The  question  cannot  yet  besetdij 
but  any  one  in  the  habit  of  singing  may  assure  himself,  both  by  m 
difficulty  of  passing  smoothly  from  one  set  of  notes  to  the  other,  and 
the  necessity  of  exorcising  himself  in  both  registers,  lest  he  shoi 
become  very  deficient  in  one,  that  there  mast  be  some  great  diffewl 
in  the  modes  in  which  their  respective  notes  are  produced. 

The  pitch  of  the  note,  which  depends  upon  the  rapidity  of  the  vita 
tions,  is  altered  by  alterations  of  the  vocal  cords,  and  so  the  strength' 
the  voice  is  in  proportion  (a)  to  the  degree  to  which  the  vocal  cordis 
be  made  to  vibrate ;  and  partly  (b)  to  the  fitness  for  resonance  of 
membranes  and  cartilages  of  the  larynx,  of  the  parietes  of  the  thoa 
lungs,  and  cavities  of  the  mouth,  nostrils,  and  communicating  aim 
It  is  diminished  by  anything  which  interferes  with  such  capabilitf 
vibration. 

The  intensity  or  loudnsss  of  a  given  note  with  maintenance  of 
same  pitch,  cannot  be  rendered  greater  by  merely  increasing  the  fcl 
of  the  current  of  air  through  the  glottis;  for  increase  of  the  force  of 
current  of  air,  cceteris  paribus^  raises  the  pitch  both  of  the  natural 
the  falsetto  notes.     Yet,  since  a  singer  possesses  the  power  of  increai 
the  loudness  of  a  note  from  the  faintest  piano  to  fortissimo  withorf 
pitch  being  altered,  there  must  be  some  means  of  compensating 
tendency  of  the  vocal  cords  to  emit  a  higher  note  when  the  force  ol 
current  of  air  is  increased.     This  means  evidently  consists  in  naoi 
ing  the  tension  of  the  vocal  cords.     When   a  note  is  rendered  1^ 
and  more  intense,  the  vocal  cords  must  be  relaxed  by  remission  of 
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mcalar  action,  in  proportion  as  the  force  of  tlio  current  of  the  breath 
ipwigh  the  glottis  is  increased.  When  a  note  is  rendered  fainter,  the 
irerae  of  this  must  occnr. 

I  The  arches  of  the  palate  and  thenvnla  become  contracted  during  the 
irmation  of  the  higher  notes;  but  their  contraction  is  the  same  for  a 
»te  of  given  height,  whether  it  be  falsetto  or  not;  and  in  cither  case 
le  arches  of  the  palate  may  be  touched  with  the  finger,  without  the 
Ite  being  altered.  Their  action,  therefore,  in  the  production  of  the 
fher  notes  seems  to  be  merely  the  result  of  involuntary  associate  ner- 
K8  action,  excited  by  the  voluntarily  increaacd  exertion  of  the  muscles 
the  larynx.  If  the  palatine  arches  contribute  at  all  to  the  production 
the  higher  notes  of  the  natural  voice  and  the  falsetto,  it  can  only  be 
their  increased  tension  strengthening  the  resonance. 
The  oflBce  of  the  ventricles  of  the  larynx  is  evidently  to  afford  a  free 
loe  for  the  vibrations  of  the  lips  of  the  glottis;  they  may  be  corn- 
red  with  the  cavity  at  the  commencement  of  the  mouthpiece  of  trum- 
ii;,  which  allows  the  free  vibration  of  the  lips. 

Speech.— Besides  the  musical  tones  formed  in  the  larynx,  a  great 
mber  of  other  sounds  can  be  produced  in  the  vocal  tubes,  between 
\  glottis  and  the  external  apertures  of  the  air- passages,  the  combination 
which  sounds  by  the  agency  of  the  cerebrum  into  different  groups 
d^ignate  objects,  properties,  actions,  etc,  constitutes  language.  The 
gnages  do  not  employ  all  the  sounds  which  can  be  produced  in  this 
liner,  the  combination  of  some  with  others  being  often  difficult, 
OBO  Bounds  which  are  easy  of  combination  enter,  for  the  most  part, 
p  the  formation  of  the  greater  number  of  languages.  Each  language 
ttaiDd  a  certain  number  of  such  sounds,  but  in  no  one  are  all  brought 
Biher*  On  the  contrary,  different  languages  are  characterized  by  the 
faience  in  them  of  certain  classes  of  these  sounds,  while  others  are 
i  frequent  or  altogether  absent. 

•Articulate  Sounds. — The  sounds  produced  in  speech,  or  the  articn- 
\  lounds,  are  commonly  divided  into  vowels  and  coti^Ofiani^:  the  dis- 
Hion  between  which  is,  that  the  sounds  for  the  former  are  generated 
;he  larynx,  while  those  for  the  latter  are  produced  by  interruption 
the  current  of  air  in  some  part  of  the  air- passages  above  the  larynx, 
^rm  consonant  has  been  given  to  these  becanse  several  of  them  are 
Bboperly^  sounded,  except  comonantly  tviih  a  vowel.  Thus,  if  it  be 
taipted  to  pronounce  aloud  the  consonants  b,  d,  and  g,  or  tlieir  modi- 
ioos,  p,  t,  k,  the  intonation  only  follows  them  in  their  combination 
I  a  TOweL  To  recognize  the  essential  properties  of  the  articulate 
ld«,  it  is  necessary  first  to  examine  them  m  they  are  produced  in 
pering,  and  then  investigate  which  of  them  can  also  be  uttered  in 
pdified  character  conjoined  with  vocal  tone.     By  this  procedure  we 
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find  two  series  of  sounds:  in  one  the  sounds  are  mute,  and  cannot  to 
uttered  with  u  vocal  tone;  the  sounds  of  the  other  series  can  be  formal 
independently  of  voice,  but  are  also  capable  of  being  uttered  in  o(m- 
junction  with  it. 

All  the  vowels  can  be  expressed  in  a  whisper  without  voeal  tone^  ttot* 
is,  mutely.  These  mute  vowel-sounds  differ,  however,  in  some  me» 
ure,  as  to  their  mode  of  production,  from  the  consonants.  All  iU 
mute  consonants  are  formed  in  the  vocal  tube  above  the  glottis,  or  IH 
the  cavity  of  the  mouth  or  nose,  by  the  mere  rushing  of  the  air  betiMV 
the  surfaces  differently  modified  in  disposition.  But  the  sound  of 
vowels,  even  when  mute,  has  its  source  in  the  glottis,  though  its  y< 
cords  are  not  thrown  into  the  vibrations  necessary  for  the  production 
voice ;  and  the  sound  seems  to  be  produced  by  the  passage  of  the 
of  air  between  the  relaxed  vocal  cords.  The  same  vowel-sound  can  be 
duced  in  the  larynx  when  the  mouth  is  closed,  the  nostrils  being 
and  the  utterance  of  all  vocal  tone  avoided.  The  sound,  when  thenu 
is  open,  is  so  modified  by  varied  forms  of  the  oral  cavity,  as  to  as 
the  characters  of  the  vowels  a,  e,  i,  o,  u,  in  all  their  modifications. 

The  cavity  of  the  mouth  assumes  the  same  form  for  the  articulatii 

of  each  of  the  mute  vowels  as  for  the  corresponding  vowel  when  v< 

ized ;    the  only  difference  in  the  two  cases  lies  in  the  kind  of 

emitted  by  the  larynx.     It  has  been  pointed  out  that  the  conditi 

necessary  for  changing  one  and  the  same  sound  into  the  different  va 

are  differences  in  the  size  of  two  parts — the  oral  canal  and  the  oral 

ing;  and  the  same  is  the  case  with  regard  to  the  mute  vowels.    By* 

canal,  is  meant  here  the  space  between  the  tongue  and  palate:  for 

pronunciation  of  certain  vowels  both  the  opening  of  the  mouth  and 

space  just  mentioned  are  widened;  for  the  pronunciation  of  other  vo^ 

both  are  contracted ;  and  for  others  one  is  wide,  the  other  contractu 

Admitting  five  degrees  of  size,  both  of  the  opening  of  the  mouth  and 

the  space  between  the  tongue  and  palate,   Eempelen  thus  states f 

dimensions  of  these  parts  for  the  following  vowel-sounds : — 

Vowel.  Sound.        Size  of  oral  opening.  Size  of  oral  canal 

...  8 

2 
1 
4 
5 

Another  important  distinction  in  articulate  sounds  is,  that  the  u\ 

ance  of  some  is  only  of  momentary  duration,  taking  place  during  a  fl 

den  change  in  the  conformation  of  the  mouth,  and  being  incapable 

prolongation  by  a  continued  expiration.     To  this  class  belong  b,  Pi 

and  the  hard  g.     In  the  utterance  of  other  consonants  the  sounds  nfl 

be  continuous;  they  may  be  prolonged,  ad  libitum,  as  long  as  a  partill 

lar  disposition  of  the  mouth  and  a  constant  expiration  are  maintaim^ 


a     88  in 

"far" 

5 

a 

**  name" 

4 

e       " 

"theme" 

8 

0 

"go" 

2 

oo      « 

"cool" 

1 
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ong  these  coDfionaDtsare  h,  m,  n^  f,  S,  r,  1,  Corresponding  differences 
respect  to  the  time  that  may  be  occupied  in  their  utterance  exist 
the  vowel  sounds,  and  principally  constitute  the  differonceB  of  long 
[  aliort  syllables.  Thus  the  a  ua  in  far  and  fate,  the  o  as  iu  go  and 
t,  may  be  indefinitely  prolonged;  but  the  Siime  vowels  (or  more 
perly  different  vowels  expressed  by  the  same  letters),  as  in  can  end 
t,  in  dog  and  rotten,  cannot  be  prolonged, 

AIJ  sounds  of  the  first  or  explosive  kind  are  insusceptible  of  com- 
ation  with  vocal  tone  {(ntonatmi)^  and  are  absolutely  mute;  nearly 
the  consonants  of  the  second  or  continuous  kind  may  l>e  attended 
b  intonation. 

VentnloquisftL^-The  peculiarity  of  speaking,  to  which  the  term 
triloquism  is  applied,  appears  to  consist  merely  in  the  varied  modi- 
tion  of  the  sounds  produced  in  the  larynx,  in  imitation  of  the  modi- 
tions  which  voice  ordinarily  suffers  from  distance,  etc.  From  the 
STTations  of  Midler  and  Colombat,  it  seems  that  the  essential 
;hanical  parta  of  the  process  of  ventriloquism  consist  in  biking  a  full 
itration,  then  keeping  the  muscles  of  the  chest  and  nock  fixed,  and 
iking  with  the  mouth  almost  closed,  and  the  lips  and  lower  jaw  as 
ionlees  as  possiblCf  while  air  is  very  slowly  expired  through  a  very 
row  glottis;  care  being  taken  also,  that  none  of  the  expired  air  passes 
mgh  the  nose.  But,  as  observed  by  Midler,  much  of  the  ventri lo- 
ttos skill  in  imitating  the  voices  coming  from  particular  directions, 
lists  in  deceiving  other  senses  than  hearing.  We  never  distinguish 
r  readily  the  direction  in  wliich  sounds  reach  our  ear;  and,  when 
attention  is  directed  to  a  particular  point,  our  imagination  ia  very 
to  refer  to  that  point  whatever  sounds  we  may  hear, 
Acfian  of  ike  Tongue  hi  Speech.— ^Yh^.  tongue,  which  is  usually 
iited  with  the  power  of  speech — language  and  speech  being  often 
iloyed  as  synonymous  terms — plays  only  a  subonlinate,  although  very 
ortant  part.  This  is  well  shown  by  cases  in  which  nearly  the  whole 
01  has  been  reinoved  on  account  of  disease.  Patients  who  recover 
1  this  operation  talk  imperfectly,  and  their  voice  is  considerably 
lified ;  but  the  loss  of  speech  is  confined  to  those  letters  in  the  pro- 
ciatioD  of  wh^ch  the  tongue  ia  concerned. 

Uxmmerimi  depends  on  a  want  of  harmony  l}etween  the  action  of 
muscles  (chiefly  abdominal)  which  expel  air  through  the  larynx,  and 
i  af  the  muscles  which  ginird  the  oriiiee  (rima  glottidis)  by  which  it 
pee,  and  of  those  (of  tongue,  palate,  etc.)  which  modulate  the  sound 
^e  form  of  speech. 

Jrer  either  of  the  groups  of  muscles,  by  itself,  a  stammerer  may 
S  as  much  power  as  other  people.  But  he  cannot  harmoniously 
th^ir  coxLJomt  actions. 
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CHAPTER  XVL 

THE   NERVOUS   SYSTEM. 

The  oervoas  system  consists  of  the  following  parts:  firstly,  of  hrg 
masses  of  nervous  matter  situated  within  the  bony  cranium  and  spim 
column,  and  constituting  the  brain  and  spinal  cord;  secondly,  a 
smaller  masses  of  neryous  matter,  situated  for  the  most  part  in  ik 
abdominal  and  thoracic  cavities,  but  also  in  the  neck  and  head,  aal 
constituting  what  are  known  as  sympathetic  ganglia;  thirdly,  of  cord 
of  nerve-fibres  which  connect  the  central  nervous  system  with  fti 
periphery  and  with  the  so-called  sympathetic  ganglia,  which  are  not  oj 
reality  a  system  independent  of  the  brain  and  cord  as  was  formei^ 
taught,  but  are  really  part  and  parcel  of  the  same  system ;  and  fourtUj] 
of  peripheral  organs  in  connection  with  the  beginnings  or  endingsof  iU 
nerves  at  the  periphery  of  the  body.  ' 

It  will  be  necessary  to  consider  these  several  parts  of  the  nervous  sysM 
seriatim ;  it  will  be  most  useful  for  the  understanding  of  the  subject^ 
however,  to  proceed  first  of  all  with  the  consideration  of  the  propertki 
of  nerve-fibres,  as  this  forms  the  most  elementary  portion  of  the  subjedl 

Nerve-fibres. — The  structure  of  the  different  kinds  of  nerve-fital 
has  been  already  dealt  with  (p.  91,  ei  8eq») ;  their  function  remains  tobJ 
considered  here. 


Function  op  Nerve  fibres. 


J 


The  office  of  nerve-fibres  is  to  conduct  impressions.  From 
account  of  nervous  action  previously  given  (p.  62?  et  seq.)  it  will 
readily  understood,  that  nerve-fibres  may  be  stimulated  to  act  by 
thing  which,  with  sufficient  suddenness,  increases  their  irritabililj 
they  are  incapable  of  originating  of  themselves  the  condition  neceoi 
for  the  manifestation  of  their  own  energy.  The  stimulus  prodnoes 
effect  upon  the  termination  of  the  nerve  stimulated,  being  conducted 
it  by  the  nerve-fibre.  The  effect  of  the  stimulus  upon  a  nerve  therefa 
depends  upon  the  nature  of  its  end-organ.  A  length  of  a  nerve 
when  freshly  removed  from  the  body,  if  stimulated  midway  between 
extremities,  will,  as  shown  by  the  deflection  of  the  needle  of  a  galvanoi 
at  either  end,  conduct  the  electrical  impressions  in  either  direction, 
it  may  be  considered  therefore  only  an  accidental  circumstance  u 
were,  whether  when  in  situ  it  has  conducted  impressions  to  the  centi 
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Joos  system  from  the  periphery,  or  from  the  central  nervoufl  system 
lie  muscles  or  other  tissues.  The  same  fibre  cannot  be  used  for  the 
purpose  at  one  time,  and  for  the  other  at  another^  simply  because  of 
mature  of  its  terminal  organs.  Thus,  when  a  cerebro-spinal  nerve- 
^  is  irritated  in  the  living  body  as  by  pinching,  or  by  heat,  or  by 
Irifying  it, there  is,  under  ordinary  circumstances,  one  of  two  effects, 
|ther  there  is  pain,  or  there  is  twitching  of  one  or  more  muscles  to 
Bh  the  nerve  distributes  its  fibres.  From  various  considerations 
■  certain  that  pain  is  always  the  result  of  a  change  in  the  nerve- 
\  of  the  brain.  Therefore,  in  snch  an  experiment  as  that  referred 
lie  irritation  of  the  nerve-fibre  is  mndueted  in  one  of  two  direc- 
i,  i,e,^  either  to  the  brain,  which  is  the  central  termination  of  the 
U  when  there  is  pain, or  to  a  muscle,  which  is  the  peripheral  ter- 
ation^  when  there  is  movement 

The  effect  of  this  simple  experiment  is  a  type  of  what  always  occurs 
n  nerve-fibres  are  engaged  in  the  performance  of  their  functions, 
I  result  of  stimulating  them,  which  roughly  imitates  what  happens 
irally  in  the  body,  is  found  to  occur  at  one  or  other  of  their  ex- 
fiities,  central  or  peripheral,  never  at  both ;  and  in  accordance  with 
(  fact,  and  because,  for  any  given  nerve-fibre,  the  result  is  always  the 
t»  nerve-fibres  have  been  commonly  classed  as  sensortj  or  motor. 
[Tbis  is  not  altogether  accurate,  and  the  terms  centrifugal  or  efferent 
centripetal  or  afferent  are  more  properly  used,  since  the  result  of 
ting  a  nerve  of  the  former  kind  is  not  always  the  production  of 
other  form  of  sensation^  nor  is  motion  the  invariable  result  of 
iating  the  latter, 

e  term  intercentral  is  applied  to  those  nerve-fibres  which  connect 

or  le«8  distinct  nerve-centres,  and  may,  therefore,  be  said  to  have 

ripheral  distribution,  in  the  ordinary  sense  of  the  term. 

jnpresfiions  made  upon  the  terminations  or  upon  the  trunk  of  a 

r^/eial  nerve  may  cause  (a)  pain,  or  some  other  kind  of  sensation ;  (i) 

[jal  seniiation ;  or  (c)  reflex  action  of  some  kind;  or   (d)  inhibition, 

Paint    of    action.     Similarly    impressions    made    upon    a    centrif- 

nerve  may  cause  {a)  contraction  of  muscle  (motor  nerve) ;  {h)  it 

influence  nutrition  (trophic  nerve)  ;  or  {c)  may  influence  secretion 

►ry  nerve) ;  or  {d)  inhibit,  augmenti  or  stop  any  other  efferent 


18  a  law  of  action  in  all  nerve-fibres,  and  corresponds  with  the  con- 

Ity  and  simplicity  of  their   course,  that   an  impression   made  on 

ifibre^  18  simply  and  uninterruptedly  transmitted  along  it,  without 

being"  imparted  or  diffused  to  any  of  the  fibres  lying  near  it.     It 

ibie  that  the  mere  passage  of  a  nerve  impulse  along  a  nerve-fibre, 

may  produce  some  effect  upon  the  neighboring  nerve-fibres. 
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Their  adaptation  to  the  purpose  of  simple  condaction  is,  perhapSi  di 
to  the  contents  of  each  fibre  being  completely  isolated  from  those  of  a 
jacent  fibres  by  the  myelin  sheath  in  which  each  is  inclosed,  and  wide 
acts,  it  may  be  supposed,  just  as  silk,  or  other  non-condnctors  of  ek 
tricity  do,  which,  when  covering  a  wire,  prevent  the  electric  oonditifl 
of  the  wire  from  being  conducted  into  the  surrounding  medium. 

Velocity  of  a  Nervous  Impulse. — The  change  which  a  stimulus  sets  up  i 
a  nerve,  of  the  exact  nature  of  which  we  are  unacquainted,  appears  to  tnm 
along  a  nerve-fibre  in  both  directions  with  considerable  velocity  in  tl 
form  of  a  wave.  Helmholtz  and  Baxt  have  estimated  the  average  nl 
of  conduction  in  human  motor  nerves  at  111  feet  (nearly  29  metres)  pi 
second ;  this  result  agreeing  very  closely  with  that  previously  obtaiui 
It  is  probably  rather  under  than  over  the  average  velocity.  Rntherfoid' 
observations  agree  with  those  of  Von  Wittich,  that  the  rate  of  tranni 
sion  in  sensory  nerves  is  about  140  feet  (42  metres)  per  second.  Ih 
velocity  of  the  nerve  impulse  in  motor  nerves  has  been  calculated  by  notk 
ing  the  duration  of  the  interval  between  two  contractions  of  the  Mi 
muscle  when  stimulated  by  means  of  two  pairs  of  electrodes,  one  plioi 
behind  the  nerve  close  to  the  muscle,  and  the  second  placed  at  a  knon 
distance  further  away  from  the  muscle.  The  contraction  ensues  wba 
the  stimulus  is  applied  further  from  the  muscle  later  than  the  oUm 
case,  and  the  interval  between  the  two  contractions  is  occupied  by  ib 
passage  of  the  impulse  down  the  nerve.  With  these  data  it  is  condndd 
that  the  velocity  of  the  passage  of  the  nerve  impulse  in  a  frog's  mod 
nerve  is  28  to  30  metres  per  second.  In  the  human  motor  nerve,  m. 
culated  by  applying  the  stimulus  through  the  skin  instead  of  direef 
to  the  nerve,  the  velocity  is  greater,  viz.,  about  33  to  50  metres  pi 
second.  In  sensory  nerves  the  velocity  is  said  to  be  about  30  to  1 
metres  per  second.  Various  conditions  modify  the  rate  of  transmisrioi 
of  which  temperature  is  one  of  the  most  important,  a  very  low  or  a  ▼« 
high  temperature  diminishing  \i\  fatigue  oi  the  nerve  acting  in  fl 
same  direction,  but  increase  of  the  stimulus  up  to  a  certain  point  mat/i 
ing  it,  as  docs  also  the  Jcatelectrotonic  condition  of  the  nerve. 

The  CerehrO' Spinal  Nervous  System, — The  parts  of  which  thii  IJ( 
tem  is  composed  are  the  following :  {a)  the  spinal  cord  and  its  nerU 
{h)  the  brain  made  up  of  cerebrum,  crura^cerebri  and  the  ganglia  in  ctl 
nection  with  them,  pons  varolii,  cerebellum,  and  the  medulla  oblongi 
or  bulb  which  connects  the  upper  parts  of  the  system  with  the  spU 
cord,  or  medulla  spinalis. 

All  of  these  parts  of  the  nervous  system  are  nerve-eentres,  in  Qontl 
distinction  to  nerve-trunks,  and  differ  from  thn  nerves  in  being  madej^ 
of  nerve-oells  and  their  branchings  as  well  as  of  nerve-fibres.    Asni 
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Functions  of  Nerve-centres. 


bcei?ed,  the  nerve-centres  are  composeil  of  neurons,  while  the  nerve- 
inks  are  made  ap  of  the  neuraxons  with  tlieir  various  terminals.   (Bee 
1  ei  seq.)     Theroare  other gungliubesideg  these,  distributed  elsewhere 
not  within  the  cranium  and  spinal  colunnij  hut  these  are,  for  the 
ke  of  convenience  J  considered  apart,  nnder  the  head  of  the  synipathf^tic 
Item,  as  they  present  some  differences  to  the  more  central  ganglia. 
'  The  cerebro-spinal  centres  then  are  distingnished  from  mere  nerve- 
inks  by  the  possession  of  nerve-cells;  these  are,  as  we  have  seen  in  a 
ler  chapter  (p.  99  ei  seq.)^  of  different  kinds;    they  very  possibly 
T  in  function.     It  is,  however,  to  the  possession  of  ganglion-cells 
the  increase  of  the  ftmctions  of  nerve-centres  over  that  of  nerve- 
is  credited.     Before  turning  to  the  discussion  of  the  functions 
Ithe  spinal  cord  it  will  he  as  well  to  devote  a  little  time  therefore  to 
question  of  the  functions  of   the  nerve-centres  in   general.     The 
lia  of  the  sympathetic  system  also  contain  nerve-cells,  but  to  these 
Is  supposed  a  different  use  is  to  be  assigned,  and  what  is  said  as  to  the 
Ictions  of  nerve-ganglia  in  this  place  is  only  to  he  applied  to  those 
Ifce  cerebro-spiual  centres. 

I  Reflex  action. — One  of  the  chief  functions  of  nerve-cells  appears 
le  the  power  of  sending  out  impulses  to  the  periphery  along  efferent 
¥68  in  response  to  impulses  reaching  them  through  afferent  nerves, 
it  power  is  sometimes  called  the  conversion  of  an  afferent  into  an 
tfent  impulse.  If  may  he  supposed  that  an  impulse  passing  to  a 
Te-cell  may  produce  such  a  change  in  its  metaboli&nj  that  a  discharge 
mergy  ensues.  This  discharge  is  in  some  way  passed  down  an  efferent 
Te  as  stimulus,  and  effects  some  change — -motor,  secretory,  or  nutri- 
S,  at  the  peripheral  extremity  of  the  latter— the  difference  in  effect 
ending  on  the  kind  of  peripheral -nerve  termination.  The  reflex  action 
f  be  Umite^i  in  its  effect,  or  it  may  he  extensive.  Reflex  movements,  oc- 
ring  quite  independently  of  sensation,  are  generally  called  exciio-moior; 
m  which  are  guided  or  acompanied  by  sensation,  but  not  to  the  extent 
k  distinct  perception,  or  intellectual  process,  are  termed  sens&ri'moiof\ 
(a)  For  the  manifesttition  of  every  reflex  action,  these  things  are 
toary:  (1),  one  or  more  perfect  afferent  fibres,  to  convey  an  impres- 
»;  (^),  a  nertmis  centre  for  its  reception,  and  by  which  it  may  he  re- 
bd;  (3),  one  or  more  efferent  nerve-flbres,  along  which  the  irapres- 
I  may  be  conducted  to  (4)  the  muscular  or  other  tissue  by  which  the 

iig  Tnanifested.  All  this  means,  in  simpler  gtateraent,  that  for  the 
^ion  of  a  reflex  action  there  must  he  two  perfect  neurons,  a  sen- 
i  afferent  and  a  motor  or  efferent.      This  arrangement  is  shown  iu 
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Fffp.  340.— RhowinfT  the  arrangement 
of  the  reflex  mechanism,  with  a  neu> 
ron  intercalated  between  the  sensory 
and  motor  neurons. 


fig.  349.     (b)  All  reflex  actions  are  essentially  involuntary ^  thoi 

of  them  admit  of  being  modified,  controlled,  or  prevented  by  a^ 

effort. 

(c)  Reflex  actions  performed  in  health  have,  for  the  most  pa 

tinct  purpose,  and  are  adapted  t 
some  end  desirable  for  the  well-bei 
body;  but,  in  disease,  many  of  t 
irregular  and  purposeless, 

(d)  Muscular  contractions  proc 
reflex  action  are  often  more  sustaii 
those  produced  by  the  direct  stii 
motor  nerves  themselves.  The  i 
of  a  muscular  organ,  or  its  mote 
produces  contraction  lasting  only  e 
the  irritation  continues;  but  irrits 
plied  to  a  nervous  centre  through  c 
centripetal  nerves  may  excite  re 
harmonious  contractions,  which  L 
time  after  the  withdrawal  of  the  si 
Relations  between  the  Stimulus 
Effect    produced, — Cer t ai  n    r u  les 

the  relation  between  the  resulting  reflex  action  and  the  stimu 

been  drawn  up  by  Pfliiger  as  follows: — 

1.  Law  of  unilateral  reflection, — A  slight  irritation  of  th( 
supplied  by  certain  sensory  nerves  is  reflected  along  the  motor 
the  same  region.     Thus,  if  the  skin  of  a  frog's  foot  be  ticklec 
right  side,  the  right  leg  is  drawn  up. 

2.  Law  of  symmetrical  reflection, — A  stronger  irritation  is  i 
not  only  on  one  side,  but  also  along  the  corresponding  motor  r 
the  opposite  side.. 

3.  Laio  of  intensity, — In  the  above  case,  the  contractions 
more  violent  on  the  side  irritated,  but  it  must  not  be  assumed 
effect  is  always  in  proportion  to  the  strength  of  the  stimulus. 

4.  Law  of  radiation, — If  the  irritation  (afferent  impulse)  ii 
it  is  reflected  along  other  motor  nerves  till  at  length  all  the  mi 
the  body  are  thrown  into  action. 

In  the  simplest  form  of  reflex  notion  n  single  sensory  and  sing 
neuron  may  be  supposed  to  be  concerned,  but  in  the  majority  i 
actions  many  neurons  are  probably  engaged.  The  impulse  is  ci 
collaterals  up  and  down  to  different  levels  of  the  spinal  cord,  j 
a  number  of  groups  of  cells  are  affected  (fig.  349a). 

The  reflex  effect  produced  by  a  stimulus  applied  to  a  sensor 
depends,  however,  not  only  upon  the  strength  of  the  stimulus, 
upon  other  circumstances,  tlie  most  important  of  which-  is  th 
tioD  of  the  nerve-centre  itself.     Looking  upon  the  effect  pro( 


wnlt  of  the  discliargt*  us  it  were  of  euergy  from  the  centre^  it  may 
pposed  til  at  sometimes  the  ceQtra  is  in  a  more  exploeive  coiiditioD 
it  another;  this  is  fihowu  for  example  iii  the  case  of  a  frog  poieoned 
ychoinej  when  tho  slightest  atimolus  applied  to  theekin  will  pro- 
the  most  violent  and  general  tetania  apaams,  whib  under  ordinary 
netances  the  contraction  of  a  few  inusclea  only  wottld  result.  Wo 
aUo  snppoee  that  the  ccntn^s  are  particularly  sensitive  to  particii- 
ludB  of  stmulif  gometimes  producing  very  extensive  aud  violent 


,  BIHa-  "-Bbowlpg  the  Arrftngemenb  of  a  almple  nHlez  moGh&iiisni  onmpoBed  of  it  motor  ami 
oeuTDQ.    *gt  Posterior  splHai  gaogUoQ;  ffiuidl  «th,  SAnsoiy  root.;  uti,  motor  nerve  ci<tl;  mi<7. 


nlar  actions  in  response  to  a  alight   etimulns  of  a  special  kind. 

a  condition  is  illustrated  in  the  violent  and  general  muscular 
LS  occurring  when  a  small  particle  of  food  passes  into  the  larynx, 
it  expiratory  spasma  accompanied  hy  contractions  of  other  muscles 
g  place. 

nerve-centro  mnat  be  considered  as  capable  by  its  connections 
efferent  nerves  of  producing  most  extensive  muscular  movements, 
rhen  from  any  reason,  either  by  the  intensity  of  the  afferent 
li  reaching  it,  or  by  the  special  nature,  extent j  or  point  of  appli- 
1  of  the  afferent  stimuli,  or  by  special  changes  in  it^  own  metabol- 
ronght  about  by  poison  or  hy  some  other  means,  a  maximum  dis- 
e  takes  place,  the  resulting  movements  are  most  extensive*  Under 
Wy  conditions,  however,  a  slight  stimulus  produces^  as  above  men- 
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tioned  only  a  moderate  discharge  from  the  centre,  the  movement  being 
to  a  certain  extent  co-extensive  with  the  strength  of  the  stimnlns. 

The  time  taken  in  a  reflex  action  has  been  found  to  be  .066  to  .051 
second,  but  tliis  is  only  a  rough  and  arbitrary  estimation. 

Automatism. — A  second  function  which  appears  to  be  possessed  bj 
certain  nerve-centres  and  not  by  others  is  that  of  automatic  action  m 
automatism.  By  this  is  meant  that  it  is  not  dependent  for  its  dischargi 
upon  any  afferent  stimuli,  but  that  it  is  capable  of  sending  out  of  itseli 
efferent  impulses  of  various  kinds.  The  centre  may  be  supposed  to  do 
this  by  the  nature  of  its  own  metabolism,  anabolism  or  building  up  of  the 
explosive  substance  being  followed  by  katabolism  or  its  discharge.  Sc 
that  the  centre  sends  out  its  impulses  to  muscles  rhythmically.  Such 
a  power  of  automatism  we  have  seen  is  attributed  to  the  respiratory  cen- 
tres in  the  bulb. 

Inhibition  and  Augmentation. — Not  only  may  movements  (A 
muscles,  discharge  of  secretion  from  gland-cells  and  the  like  beprodnced 
by  afferent  impulses  reaching  nerve-centres,  but  also  inhibition  of  action 
which  is  already  taking  place.  This  is  well  seen  in  the  matter  of  the 
inhibitory  action  of  the  vagus  upon  the  cardiac  contractions.  The  ragi 
convey  to  the  heart  impulses  from  the  cardio-inhibitory  centres  which 
have  a  restraining  action  upon  the  contractions  of  the  heart,  as  is  seen 
by  the  incrcjiso  in  the  frequency  of  the  heart-beats  when  the  vagi  are 
divided ;  but  wo  have  seen  that  appropriate  afferent  stimuli,  as,  for 
example,  when  applied  to  the  abdominal  sympathetic,  may  increase  the 
action  of  the  centre  to  such  an  extent  that  the  heart  may  be  altogeth^ 
stopped  in  diastole.  In  such  a  case  the  result  of  the  afferent  stimuli 
upon  the  centre  has  been  to  produce  complete  inhibition  and  not  mus- 
cular contraction.  This  is  not  the  only  example  of  inhibition  which 
might  be  instanced ;  the  action  of  almost  any  centre  may  be  inhibited 
by  impulses  reaching  it;  indeed  the  effect  of  afferent  impulses  upon  a 
centre  may  be  not  only  not  to  set  it  into  activity,  but  to  prevent  or 
stop  an  action  already  going  on.  On  the  other  hand,  the  action  of 
afferent  impulses  upon  a  nerve-centre  may  be  to  aagment|  render  more; 
powerful  or  extensive,  and  increase  in  a  certain  direction  an  actioi: 
already  in  course.  Such  may  be  well  illustrated  by  the  action  of  the 
vagi  upon  the  respiratory  centres  to  which  attention  has  been  drawn  ia 
the  chapter  upon  respiration. 

Membranes  of  the  Brain  and  Spinal  Cord. — The  Brain  and  Spinal  Cord  i 
eiivelopeil  in  three  membranes — (1)  the  Dura  Mater,   (3)  the  Arachnoid, 
the  Pia  Mater. 

(1)  The  Dura  Mater,  or  external  covering,  is  a  tough  membrane  composed  o(j 
bundles  of  connective-tissue  which  cross  at  various  angles,  and  in  whoeeiotBrJ 
stices  branched  connective- tisHue  corpuscles  lie :  it  is  lined  by  a  thin  elastic  i 
brane,  and  on  tho  inner  surface  and  wliere  it  is  not  adlierent  to  the  bone,  on  thil 


I  SW  —  view  of  the  cerebro-spiiml  i^li  of  tho  ©erfous  Bjrfftem.  Tbe  rl|rlit  half  of  th« 
01  and^tnitik  of  the  body  hjwi  been  FemoT(>d  by  a  vertical  sectloa;  the  membmneB  of  the 
lod  spioAl  cord  have  also  been  removed,  and  the  rootaand  Urat  part  of  the  flftfa  and  ninth 
L  and  of  all  spinal  nervea  of  the  right  aide,  hav«  been  dliis«cted  out  and  laid  separately  on 
U  of  the  skull  and  on  the  several  vertdbnB  opposite  to  the  place  of  their  natural  eilt  from 
lia^pliial  cavity.     (After  Bourj?ery.> 

^he  Pia  Mater  consista  of  two  chief  layers,  between  whicli  numerous  blood - 

»  ramify.      Between  the  aniiiinoirl  nnd   pi  a  mater  is  a  network  of  fi  brows  • 

limbecul®  Bheatlied   with   eudothelial  cella;   these  sub-afachooid  tratiecuha 
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divide  up  the  sub-arachnoid  space  into  a  number  of  irregular  sinuses.  Tb« 
are  some  similar  trabecule,  but  much  fewer  in  number,  traversing  the  sub-doid 
space,  i.e.,  the  space  between  the  dura  mater  and  arachnoid. 

Pacchionian  bodies  are  growths  from  the  sub-arachnoid  network  of  oonoee- 
tive- tissue  trabeculas  which  project  through  small  holes  in  the  inner  layenol 
the  dura  mater  into  the  venous  sinuses  of  that  membrane.  The  venoos  sinoM 
of  the  dura  mater  have  been  injected  from  the  sub-arachnoidal  space  throafji 
the  intermediation  of  these  villous  outgrowths. 

The  Spinal  Cord  and  its  Neires. 

The  Spinal  cord  is  a  cylindriform  column  of  nerye-substance  con 
nected  above  with  the  brain  through  the  medium  of  the  bulb,  and  ter 
minating  below,  about  the  lower  border  of  the  first  lumbar  vertebra,  in  t 
slender  filament  of  gray  substance,  the  JUutn  terminals^  which  lies  iu  tb 
midst  of  the  roots  of  many  nerves  forming  the  cauda  equina. 

Structure. — The  cord  is  composed  of  white  and  gray  nervous  8ul> 
stance,  of  which  the  former  is  situated  externally,  and  constitutes  its  chid 
portion,  while  the  latter  occupies  its  central  or  axial  portion,  and  is  so 
arranged,  that  on  the  surface  of  a  transverse  section  of  the  cord  it 
appears  like  two  somewhat  crescentic  masses  connected  together  by  a 
narrower  portion  or  isthmus  (fig.  350a).  Passing  through  the  centre  d 
this  isthmus  in  a  longitudinal  direction  is  a  minute  canal  (centnl 
canal),  which  is  continued  through  the  whole  length  of  thr.  cord,  and 
opens  above  into  the  space  at  the  back  of  medulla  oblongata  and  pom 
Varolii,  called  the  fourth  ventricle.  It  is  lined  by  a  layer  of  oolnmDir 
ciliated  epithelium. 

The  spinal  cord  consists  of  two  exactly  symmetrical  halves,  separated 
anteriorly  and  posteriorly  by  yeriicvX  fissures  (the  posterior  fissure  beiuj 
dee])cr,  but  less  wide  and  distinct  than  the  anterior),  and  united  in  tba 
middle  by  nervous  matter  which  is  usually  described  as  forming  two 
commissures — an  anterior  commissure,   in  front  of  the  central  cam 
consisting  of  medullated  nerve-fibres,  and  2k  posterior  commissure  befaitt 
the  central  canal  consisting  also  of  medullated  nerve-fibres,  but  wid 
more  neuroglia,  which  gives  the  gray  aspect  to  this  commissure.    Th 
fibres  of   the  commissures  uro  mainly  composed  of  collaterals.    Ead 
half  of  the  spinal  cord  is  marked  on  the  sides  (obscurely  at  the  lovfll 
part,  but  distinctly  above)  by  two  longitudinal  furrows,  which  divide! 
into  three  portions,  columns,  or  tracts,  an  a7iieriory  lateral^  and  posierisr. 
From  the  groove  between  the  anterior  and  lateral  columns  spring  th 
anterior  roots  of  the  spinal  nerves  (4);  and  just  in  front  of  thegrooK 
between  the  lateral  and  posterior  columns  arise  the  posterior  roots  of  tlK 
same;  a  pair  of  roots  on  each  side  corresponding  to  each  vertebra. 

White   Matter. — The  white   matter  of  the  cord    is  seen  to  h 
made  up  of  medullated  nerve-fibres,  of  different  sizes,  arranged  longi 
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lallj,  and  of  a  supporting  inateriu!  of  two  kinds,  viz.: — (a)  ordinarj 

connective  tissno  wiih  elastic  fibres,  which  is  connected  witli 

from  tlie  pia  mater  which  pass  into  the  cord  to  carry  tlio  blood 

(b)  Neuroglia;  ttis  material  is  made  up  uf  the  branching  cella 

351a),  the  bodies  of  which,  in  consequence  of  the  high  development 

braQcbings,  are  Bmall.     The  processea  of  tiie  neurogliu-cells  are 

■%ed  Boas  to  snpport  the  nerve-lihres  which  are  without  the  usual 

ternal  nerve  eheaths.      Neuroglia  was  fornierlj  cousidered  to   be  a 

bd  of  connective  tissue^  hot  is  now  couaidered  to  be  u  distinct  materiaL 
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L.— HorizijiitJit  Peel  Ion  of  the  \^\vt\\  nnd  its  envi^lnpeR,  al  lb**  inir!dl*»  oT  n  TirtwTirii  I  body 

e).     1.  Spinal  fcnl  with  t;.  Its  BDr^ri^T  mtall&n  flwore;  3.  Itn  {lot^rprior  iinNlkin  Hswuto; 

orroofv:  Ti,  t»  ^^t^-nnr  n>ot*4;  6,  pia  inaier  {\i\   rfd);  7^  H^anit^nhtm  €li*iiaa(mu:  *<,  cMniii«?«;t- 

I'  II  iHi*'  p<ft  In  dnni  miUrr:  i».  viso^ral  layer  arrd   f^',  iwirit^lfll  lajer  of  tha 

l(ii  ^ubflnirlmnirt  n|rat^;  lK»n»chnoid  cftvitv:  12,  ciura  mater  dn  yellowy;  1^ 

ml  p-riMflteyiiij  11,  oHliilnr  Iis8ue  sirimte*!  betwt^eii  rhedurA  tiinter  and  th6 

'the  vtirtt'ijfiii  ciinal:  Id,  cummoii  |wjfeteriijr  vi^rti^bml  Ugametit;  ]Ci«,  iotm-spinal  veims;  !7, 

aiii««ctiuti.     (TesfuL) 


iderived  from  the  neural  cpi blast,  and  yields  neuro*kerntii]*  (See  p. 

lie   general  rule  respectiBg  the  size  of  different  parts  of  the  cord 

ITS  to  be,  that  each  part  is  in  direct  proportion  in  this  respect  to  the 

!  and  nnmber  of  nerve-roots  given  off  from  it,  and  hii8  but  little  rehi- 

'  to  the  size  or  number  of  those  given  of!  below  it.     Thus  tlie  cord  is 

JH^  large  in  the  middle  and  lower  part  of  its  cervical  portion,  whence 

the  large  nerve-roots  for  the  formation  of  the  brachial  plexuses  and 

^jopplj'of  the  upper  extremities,  and  again  enlarges  at  the  lowest 
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part  of  its  dorsal  portion  ami  the  upper  part  of  its  lumbar,  at  the  origii 
of  the  large  nerves  which,  atter  formitig  the  lumbar  and  sacral  pie 
are  distributed  to  the  lower  extremities.  The  chief  cause  of  thegrei 
Bizo  at  these  parts  of  th^  Hpinal  cord  is  increase  in  the  quantity  of  p 
matter;  for  there  seems  reason  to  believe  that  the  white  l«irt  of 
cord  becomes  gradually  and  progressively  larger  from  below  upi 
doubtless  from  the  additiou  of  a  certain  number  of  upward  paaw 
fibres  from  each  pair  «*f  nerves^ 


d:' 


\<;':c%^iw?r..    \ 


m^' 


FIr,  851, — Fmm  thfi  lower  lum^mr  corti  of  iimii,  rtfu  r  a  j't^'paratT.^ 
B«rJiii  (No.  ll.irj.'Ji.atnlHt-ilbv  \\>ij.'ert  ttiul  PiirninWhml,     A  porticm 
¥«*iiiriil  cored  with  the  ailjolnfttif  imrtirnnaof  tlir^  lateral  t^t^luraii  *•*  i.  ».™- 

tioni  wllH;in<t  fhefltjt^  medullatM  Abre«  which  eoter  ihe  CTny  KuhstaiiCtr  from  lh«  )mU. 
BiHi  Miirr^^iind  |hf>  ii*^rvo-cells,  which  henj  are  proTldtnl  witbane  pljctuerjtetl  j;r&Dute&.    Biidil 
(Koelhkerj 

From  careful  estimates  of  the  number  of  nerve-fibres  in  a  traim 
section  of  the  cord  toward  ita  upper  end,  and  the  number  enteriq 
issuing  from  it  liy  the  anterior  luul  posterior  roots  of  each  pair  of  oaj 
it  has  bceu  shown  that  in  the  Imman  spinal  cord  not  more  thaa 
of  the  total  number  of  nerve-fibres  of  all  the  spinal  nerves  are  conti 
in  a  transverse  section  near  its  upper  end.  It  is  obTious,  therefore, 
ut  least  half  of  the  nerve-libres  entering  it  must  terminate  somewhel 
the  cord  itself. 


^ai^^^^H 
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ly  matter  of  the  spiDal-cord  coHsists  uf  numerous  groujia  of 
vt  a  rloge  niesbwork  of  inediillated  fibres,  moat  of  which  are 
ad  delicate,  and  of  au  extremely  delicate  network  of  axis- 
This  latter  fine  plexus  lias  been  called  "Gerlach^a  network." 
th  it  aiul  supporting  it^  is  the  meslnvork  of  the  neuroglia^ 
er  even,  in  its  Btnictnre,  than  that  of  the  nerve-tisaiio,  so 

under  proper  staining  and  illumination,  it  may  appear 
This  is  especially  developed  around  the  central  canal,  Tvliich 
1  columnar  ciliated  epithelium,  the  cells  of  which  at  their 
rminate  in  fine  processes,  which  join  the  n  enroll  in  r  network 

the  canal,    and    form   the   snbManiia  gelaiinom  centntUji* 


ifferent  type*  of  neoni^lia  eeJlj*.  (After  v.  Cieliucht**!!  >  6,  Xeuroglift  eella  of  the 
mid  c.  of  Oie  firay  RubsCiiiic  «<  of  the  coed  of  an  embryo  ca4f. 

aa  formerly  tbonght  to  be  mainly  present  in  the  tip  of  the 
Dii  of  gray  matter,  forming  what  is  known  as  the  svbdantia 
*eralis  of  Kolando,  through  which  the  posterior  nerve-roota 
is  now  known  to  be  composed  of  very  small  nerve-cells  and 
es. 

f  cells  in  f/ray  m(tiiet\—The  multipolar  cells  are  either  scat* 
or  arranged  in  groups,  of  which  the  following  arc  to  be  di«- 
m  either  side — certidn  of  the  groups  being  more  or  less 
II  of  the  regions  of  the  cord,  viz.,  those  (a)  m  the  anterior 
koee  in  the  posterior  cornn,  and  (e)  intrinsic  cells  distributed 
;he  gray  matter, 
cells  in  the  anterior  cornu  are  large  and  branching,  and 
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each  gives  rise  to  an  axis-cylinder  process  which  passes  otit  in 
anterior  nerve-root.  Tliese  cells  are  everywhere  conspicuous,  but 
particularly  numerous  in  the  cervical  and  lumbar  enlargeuoents.  In  t 
districts  they  may  be  diviiied  into  several  groups — (i.)  a  group  of  I 
cells  close  to  the  tip  of  the  inner  part  of  the  anterior  comu — all  tboi 
of  the  anterior  cornu  in  the  dorsal  or  thoracic  region  are  said  to 
to  this  group;  (ii.)  several  lateral  groups  (^,  a,  d,  and  r,  fig.  3d3j 
the  onter  side  of  the  gray  matter,  and  (iii.)  a  certain  nnmber  of  ce 
the  base  of  tlie  inner  part  of  the  auterior  cornu  particularly  well  nn 
in  the  thoracic  region.  (I*)  Cells  of  the  posterior  cornu — these  an 
numerous;  they  are  small  and  branched,  and  each  has  an  axifr-cyli 


FffC'  838,— SectloD  of  sptoal  eord,  one  b&lf  of  wblcli  (Ivtiy  hIioits  tb«  Craet*  of  th* 
matter,  khA  the  otiier  h&Jf  (liglit:)  nk&mn  the  p*>«titfon  of  the  nerve  cells  in  the  ^ay  wt» 
10,  9  nod  8  jut^  Cnuste  of  do0CieEidiii|^clegen«$mtloii«  i,  4,  6  andS,  of  aaceodlug  degcuerBtiaB. 
dlacrmmmAtlc.    (Alter  Bherrlngtoi].) 

process  passing  off;  but  these  processes  do  not  pass  into  the  posli 
nerve-roots.  The  groups  are  two  at  least  in  number,  viz.,  (i.)in 
nection  with  the  edge  of  the  gray  matter  externally,  where  it  is  coal 
ably  broken  up  by  the  passage  of  bundles  of  fibres  through  it,  and 
tbe  iaiend  reiicniar  format  km;  and  (ii.)  in  connection  with  a  sii 
reticular  formation,  more  at  the  tip  of  the  gray  matter  of  tbe  post 
cornu  ;  this  is  known  as  the  posferior  retimlar  fonnation. 

A  group  of  cells  (No  3,  fig,  ^55i)  is  situated  at  the  base  and 
diaii  side  of  the  posterior  corun.  It  is  formed  of  fairly  large  celU, 
form  in  shape,  and  constitutes  tbe  posterior  vesicular  column,  or  Clai 
column.  It  extends  from  the  upper  lumbar  to  the  lower  cervical  n 
On  tbe  outer  portion  of  the  gray  matter,  midway  between  the  anl 
and  posterior  cornua,  is  a  group  of  cells,  kuown  as  the  cells  of  the  M 
graij  column.     These  are  small  and  spindle-shaped,  and  are  more  ot 
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^rfaj  the  lumbar  region,  as  well  aa  in  tho  thoracic  region  (No. 
532). 
')  Besides  these  groups,  which  have  their  names  largely  on  ac- 
t  of  their  location,  there  are  clistribut*^d  throughout  the  gray 
n  very  large  number  of  other  cellsj  whieh  are  known  as  intrinsic 
These  send  out  neuraxons  which  pass  into  the  white  matter 
same  or  the  opposite  side,  pass  up  an<l  down  the  cord,  enter  the 
ly  matter  again,  and  connect  there  by  their  cnd-brushea  with  cells  at  a 
nt  level  of  the  cord.  The  intrinsic  cells  are,  therefore,  in  the 
D,  commissural  in  their  function,  that  ia  to  say,  they  unite  the  two 
or  different  levels  of  the  cord.  They  are  als^o,  themselves,  in  re* 
in  with  the  fibres  and  cells  of  the  anterior  and  posterior  cornna. 
(hlumnis  and  tracts  in  ths  white  matier  of  the  spimtl  cord, — In  addition 
the  columns  of  the  white  matter  which  are  marked  out  by  tlie  points 
tttt  which  the  nerve-roots  issue,  and  which  are  the  anterior^  the  lateral 
i  posteriory  the  posterior  is  further  divided  by  a  septum  of  the  pi  a 
iter  into  two  almost  equal  parts,  constituting  the  pOiiterO'tTfenia! 
umu,  or  column  of  Burduvh  (tig,  353,  2),  and  the/^av/cro-?«eWiV/?i^  or 
mn  of  Goll  (fig.  353,  1).  In  addition  to  these  columns,  however,  it 
been  shown  that  the  white  matter  can  ho  still  further  snhdivided. 
lis  subdivision  has  been  accomplished  by  evidence  of  several  kinds, 
i  the  parts  or,  aa  they  are  called,  tracts  in  the  wliite  matter,  perform 

nt  functions  in  the  conduction  of  impulses. 
The  methods  of  observation  are  the  following: — 
(a)  The  enthryological  method.     It  has  been  found  that  if  the  develop- 
mt  of  the  spinal  cord  be  carefu I!y  observed  at  different  stages  that  cer- 
\  groups  of  the  nerve- fibres  put  on  their  myelin  sheath  at  earlier  per i- 
than  others,  and  that  the  different  groups  of  fibres  can  therefore  be 
in  various  directions.     This  is  known  as  the  method  of  FJechsig, 
(3)    Waller iau  or  degeneraiion  ffwikod. — This  method  depends  upon 
fact  that  if  a  nerve-fibre  is  separated  from  its  nerve-cell,  it  wastes  or 
eneratea.     It  consists  in  tracing  the  conrse  of  tracts  of  degenerated 
which  result  from  an  injury  to  any  part  of  the  central  nervous 
When  fibres  degenerate  helow  a  lesion  the  tract  is  said  to  be 
idint/  def/efieratiotiy  and  when  the  fdjres  degenerate  in  the  oppo- 
direction   the  tract  is  one  of  amrndinf/  dvfjateration.     By  modern 
lods  of  staining  of  the  central  neryous  system  it  has  proved  com- 
^tively  easy  to  distinguish  degenerated  parts  in  sections  of  the  cord 
of    other   portions  of  the  central  nervous  system,      Degeuerated 
have  a  different  staining  reaction  when  the  sections  are  stained 
bat  are  called  Weigert'a  and  March i 'a  methods.     Accidents  to  the 
1  nervous  system  in  man  Jmve  given  us  much   information  upon 
subject,  but  this  has  of  lato  years  been  supplemented  and  largely 
ded    by  tlto  expeiimeuts  on  animals,   particuhirly  upon  monkeys; 
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and  considerable  light  has  been  by  these  means  shed  upon  thecondnc&i 
of  iiniiulses  to  and  from  the  nervous  system  by  the  study  of  the  resoltil 
section  of  different  parts  of  the  central  nervous  system,  and  of  tbespiBl 
nerve-roots.  Thus  we  have  not  only  embryological  evidence  mappn 
out  different  tracts,  but  also  confirmatory  pathological  and  eiperiment 
observations. 

The  tracts  which  have  been  made  out  are  the  following! — 

(a)  Of  descending  degeneration. 
(i.)    The  crossed  pyramidal  tract    (fig.  352,7). — This  tract  is  sitoata 

to  the  outer  part  of  the  posterior  coruu  of  gray  matter.  •  It  is  ft 
throughout  the  whole  length  of  the  spinal  cord ;  at  the  lower  part  it 
tends  to  the  margin  of  the  cord,  but  higher  up  it  becomes  diqdial 
from  this  position  by  the  interpolation  of  another  tract  of  fibres,  to 
presently  described,  viz.,  the  direct  cerebellar  tract.  The 
pyramidal  tract  is  large,  and  may  touch  the  tip  of  gray  matter  of 
posterior  cornu,  but  is  separated  from  it  elsewhere.  In  shape  on  a 
section  it  is  somewhat  like  a  lens,  but  varies  in  different  regions  of 
cord,  and  diminishes  in  size  from  the  cervical  region  downm 
The  tract  is  particularly  well  marked  out,  both  by  the  degeneration 
the  embryological  methods.  The  fibres  are  supposed  to  pass  off  as  I 
descend,  and  to  join  the  various  local  nervous  mechanisms  of  nerve  < 
and  their  branchings  which  are  represented  in  the  cord.  The  track 
degeneration  may  be  traced  upward  beyond  the  cord,  in  a  way  to 
presently  described.  The  fibres  of  which  this  tract  is  composed 
moderately  large,  but  aio  mixed  with  some  that  are  smaller. 

(ii.)  The  dirrrf  or  uncrossed  pyramidal  tract  (fig.  352,  10).— T 
tract  is  Rituatod  in  the  anterior  column  by  the  sides  of  the  antei 
fissure.  It  is  smaller  than  (i.),  and  is  not  present  in  all  anina 
though  conspicuous  in  the  human  cord  and  in  that  of  the  monkey. 
can  be  traced  upward  to  the  cerebral  cortex,  and  downward  as  &r 
tlie  mid  or  lower  thoracic  region,  where  it  ends. 

(iii.)  AnterO'lateral  descending  tract  (tig.  352,9). — An  extem 
tract,  elongated  but  narrow,  and  reaching  from  the  crossed  to  the 
pyramidal  tract.  It  is  a  mixed  tract,  since  not  all  of  its  fibres  degeneB 
below  the  lesions. 

(iv.)  Camma  tract  (fig.  352,  3)  is  a  small  tract  of  fibres  which  deg 
crate  below  section  or  injury  of  the  cord.  Its  presence  has  been  deal 
strated  in  the  cervical  and  thoracic  regions.  It  is  supposed  to  conaiil 
the  descending  collaterals  of  the  posterior  nerve-roots  as  they  paasil 
the  postero-external  columns. 

(b)  Of  ascending  degeneration. 
(i.)  Postero-median  column  (tig.  352,1). — This  tract  degenerateii 

ward  on  injury  or  on  section  of  the  cord,  as  well  as  on  section  of 
posterior  nerve  roots,     it  exists  throughout  the  whole  of  the  cord  ft 
below  up,  and  can  be  traced  into  the  bulb.     It  consists  of  fine  fibres. 
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(ii.)  Direci  cerebellar  irtwi  (tig.  352,  6). — This  tract  is  situated  on  the 

terpart  of  the  cord  between  the  crossed  pyramidal  tract  aiitl  the  mar- 

it  is  found  in  the  cervical,  tlioracic  and  upper  himbar  regions  of 

cord,  and  increases  in  size  from  below  upward.     It  degeuerates  on 

or  section  of  the  cord  itself,  hut  not  on  section  of  the  posterior 

f-roots.     Aa  its  name  implies  it  is  believetl  to  pass  up  into  the  t.ere- 

Jlum.     Its  fibres  are  coarse. 

(iii.)  Antero-laferal  iti<irntlhi[l  trari  {Tract  of  ftoivers ami  Tunih)  (fig. 
li,  8), — This  tract  lias  been  shown  on  injury  to  the  epinal  curd;  it  ig 
ilnated  at  the  margin  of  the  cord  outside  of  the  corresponding  desceud- 
i|f  tract.  It  is  traceable  throughout  the  whole  length  of  the  cord.  Its 
are  composed  of  mixed,  fine  and  cours?e,  element."?. 
if.)  Tract  of  IJsmuer^  or  poster ior  marginal  zone  (fig.  352,  4). — A 
tract  of  fiue  white  lihres,  situated  at  the  apex  of  the  posterior 
,  is  made  up  of  fibres  from  the  posterior  nerve-roota  which  enter  the 
llonin  and  pass  up  and  down  for  a  short  distance,  finally  cuter iug  the 
sterior  horn  where  they  terminate  in  fine  end-brushes  around  the  cells 
the  posterior  horn. 

It  will  thus  be  seen  that  the  white  matter  of  the  spinal-cord  has  three 

Eieral  divisions,  into  the  anterior,  the  lateral,  and  posterior  colunuis. 

IflOd  columns  are  subdivided  into  columns  in  which  the  fibres  degener- 

I  upward,  those  in  which  the  fibres  degenerate  downward,  and  other 

tamos  in  which  the  fibres  do  not  degenerate  either  way  when  the  cord  is 

tit  across.     These  parts  of  the  cord  are  composed  of  commissural  fibres 

lieh  connect  different  levels  of  the  cord.     These  commiesnral  eoliuuns 

ne  theantero-lateral  columns,  the  lateral  liniitiug  hiyer,  and  the  rohimn 

Bordach.     The  arrangement  of  these  columns  is  shown  well   in    the 

re  (fig.  352). 

Spinal  Nerves* — The  spinal  nerves  consist  of  thirty-one  pairs,  issuing 
"em  the  sides  of  the  whole  length  of  the  cord,  their  number  correspond- 
Ig  with  the  intervertebral  foramina  through  which  they  pass.  Each 
trve  arises  by  two  roots,  an  anterior  and  posterior,  the  latter  being  the 
Vger*  The  roots  emerge  th rough  separate  apertures  of  the  sheath  of 
kra  mater  surrounding  the  cord;  and  directly  after  their  emergence, 
sere  the  roots  lie  in  the  intervertebral  foramen,  a  ganglion  is  found 
the  posterior  root.  The  anterior  root  lies  in  contact  with  the  anterior 
face  of  the  ganglion,  but  none  of  its  fibres  iutcrmingle  with  those  in 
0  ganglion  (fig.  350,  4).  But  immediately  beyond  the  ganglion  the 
>  roots  cuuleaee,  and  by  the  mingling  of  their  fibres?  form  a  romponml 
mixed  spinal  nerve,  which,  after  issuing  from  the  intervertebral 
Hal,  gives  off  anterior  and  posterior  or  ventral  au^I  f/o7*M/ branches, 
Db  containing  fibres  from  both  tlie  roots  (fig.  350),  as  w^ell  as  a  third 
riseeraf  branch,  ramus  com  inn  ni  cans,  to  the  sympathetic. 
Tlie  anterior  rov">t  of  each  spinal  nerve  arises  by  numerous  separate 


&m 
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aud  coDverging  bundles  from  tbu  uDterior  column  of  tbe  oord;  the  p»'' 
terior  root  by  more  numerous  parallel  bundles,  from  the  posterior  colutnn, 
or,  ratlier,  from  Uie  posterior  part  of  tbe  lateral  column  (61:.  ""     '  " 
if  a  tiasiirt?  bt'  directed  invvard  from  the  groove  between  tbe  u 
poetortor  columns,  the  posterior  roots  will  remain  attached  to  the  former,  \ 
The  anterior  roots  of  each  spinal  nerve  eonsigt  chtefij  of  efferent  fil»r«j  ^ 
the  posterior  exchisively  of  aflereut  fibres. 

Cburse  of  ihe  Fibres/  of  the  Spinal  Serve- RooU.^{a}  Tbe  Anterior 
roots  enter  the  cord  in  several   bundles,  which  may  be  called 
Internal;  ('*)  Middle;  (3)  External;  ail  being  more  or  less  connect* 
tb<s  groups  of  multipolar  cells  in  the  anterior  corniia,     1.  The  i/ 
fibred  are  partly  connected  with   internal   grotip   of   nerve-cells  tt 


FIr-.  SfiSA.— Section  of  tbe  spinal  cord,  flhowlnir  th<5  ftiratn.'- 
1,  Direct  pyramidal  traot;  ti,   :i,  nnri-'ro- lateral  coluinfi;   I,   ji 
pyraniitlaftntct;  H,  direct  cert?!  »ra  I  trm.'l^  7^  colutiiti  ^^t   Burr 
medJan  ilssnr**;  10,  anterior  tiifHll4!i.D  a^suns;  11,  Vi.  an lerJor  liuru  cells;  11,  Clarke  a  coluiiuin 
LlBftUi;r'9c<  11111111);  rfi,iH>sl#iioP  root;  ra,  anterior  root. 

anterior  cornu  of  the  same  side;  but  some  fibres  send  collaterals  thr 
tbe  anterior  commissure  to  end   in  the  anterior  cornu  of  opposit 
probably  in  the  internal  group  of  cells.     2.  The  iniildh  fibres  ar 
in  connection  with  tbe  lateral  group  of  cells  in  anterior  cornn,  aol^ 
part  pass  backward  to  the  posterior  cornn,  having  no  immediate  con 
tion  with  cells.     3.  The  ariernal  fibres  are  partly  in  connection  withi 
lateral  gronp  of  cells  in  the  anterior  cornu,  but  some  fibres  procee<l 
rect  into  the  lateral  colaron  without  connection  with  cells,  and 
upward  in  it. 

Besidps  these  fibres,  there  are  some  which  do  not  appear  to  h| 
connection  with  the  anterior  born  cells,  but  pass  directly  ihro 
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ct  with  gronpa  of  iiurinaic  cells  in  the  median  or  posterior  portion 
plio  gray  matter  of  the  cord* 

(b)  The  posterior  roots  enter  the  spinal  cord  to  the  inner  or  me- 
\ku  dde  of  the  ]i€stt'rit)r  curnu.  The  iibre.'^,  aa  goon  as  tht^  reach  the 
brd,  divide  in  a  fork -like  fashion ,  one  branch  paBsing  down  a  Bhorfc  die- 
^ice(oD]y  about  three  centimetres),  the  other  brancli  passing  up  for  a 
bger  or  shorter  distance.  This  tjpper  Ijiatieh  sometimes  reaches  nearly 
N>  whole  extent  of  the  coril,  hitt  generally  it  extends  over  only  one  or 
fo  segments  of  the  cord.  These  divisions  of  the  posterior  root  fibrea 
ire  off  irj  their  oourse  numerous  collaterals.  The  nerve-fibres  of  the 
fcterior  roots  are  divided   into   two  seta,  an  internal  or  median,  an  ex- 


,V/ 


<' 
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Ion  of  the  spinal  conl  Rhowirig  ttu*  jfniuijiDg  of  mrrve-cfllH  aail  the  ooanse  of  QerTer 
fibres  euteritukf  in  pusit^^ilor  iiud  autehor  rootn. 


mal  or  lateral.  The  lateral  set  consists  mostly  of  small  fibres,  and  it 
ters  the  cord  opposite  the  tip  of  tlie  posterior  horn.  The  fibrea  pass 
ipari  to  the  marginal  column  of  Lisaauer,  where  they  ascend  and  de- 
|iid ;  in  part  they  penetrate  the  posterior  horn,  and  como  in  relation 
tb  it^  cells.  The  median  set  sends  some  fibres  which  pass  to  Clarke's 
bmii  of  cells,  others  pass  by  way  of  the  posterior  commissure  to  the 
Idtan  cells  of  the  other  side.  Some  others  pass  throngh  the  median 
iy  matter  to  the  anterior  horn  cells  of  the  same  side.     Thus  the  pos- 

Er  root-fibres  are  connected  with  all  the  cell  gronps  of  the  posterior 
,  of  the  anterior  horn  of  the  same  side,  and  the  cells  of  the  median 
of  the  opposite  side*     Besides  this,  they  are  connected  through  col* 
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laterals  with  the  iDtrinsio  cells  of  the  gray  matter  at  diflEerentlefelsof 
the  cord.  One  can  realize  that  each  nerve-root  has,  in  this  way,  an 
effective  grip  iipon  a  large  extent  of  the  cord.  This  is  seen  well  by 
study iug  figs.  352a  and  353. 

The  Peculiarities  of  different  regions  of  the  Spinal  ConL—The  outline  of  the 
gray  matter  and  the  relative  proportion  of  the  white  matter  varies  in  different 
regions  of  the  spinal  cord,  and  it  is,  therefore,  possible  to  tell  approximalieij 
from  what  region  any  given  transverse  section  of  the  spinal  cord  has  bees 
taken.  The  white  matter  increases  in  amount  from  below  upward.  Tbe 
amount  of  gray  matter  varies ;  it  is  greatest  in  the  cervical  and  lumbar  enkige- 
ments,  viz. ,  at  and  about  the  5th  lumbar  and  6th  cervical  nerve,  and  least  in  tlM 
thoracic  region.  The  greatest  development  of  gray  matter  corresponds  with 
greatest  number  of  nerve-fibres  passing  from  the  cord. 

In  the  cervical  enlargement  the  gray  matter  occupies  a  large  proportion  of  ti» 
section,  the  gray  commissure  is  short  and  thick,  the  anterior  horn  is  blunt  while 
the  poHterior  is  somewhat  tapering.  The  anterior  and  posterior  roots  nm  some 
distance  through  the  white  matter  before  they  reach  the  periphery. 

In  the  dorsal  region  the  gray  matter  bears  only  a  small  relation  to  the  white, 
and  the  jxwterior  roots  in  particular  run  a  long  course  through  the  white  matter 
before  they  leave  the  cord ;  the  gray  commissure  is  thinner  and  narrower  thiB 
in  the  cervical  region.     The  tractus  intermedio- lateralis  is  here  most  marked 

In  tlie  lumlxir  enlargement  the  gray  matter  again  bears  a  very  large  proptf- 
tion  to  the  whole  size  of  the  transverse  section,  but  its  posterior  comua  an 
shoiter  and  blunter  than  they  are  in  the  cervical  region.  Tlie  gray  commit 
sure  is  short  .ind  exti*eniely  narrow. 

At  the  upjyer  imrt  of  the  conns  medullaria,  which  is  the  portion  of  the  coitl 
immediately  1)p1o\v  the  lumbar  enlargement,  the  gray  substance  occupiei 
nearly  the  whole  of  the  transverse  section,  as  it  is  only  invested  by  a  thin : 
layer  of  white  sulistance.  This  thin  layer  is  wanting  in  the  neighborhood rf 
tlie  ix3sterior  nerve- roots.     The  great  commissure  is  extremely  thick. 

At  the  level  of  the  fifth  sacral  vertebra  the  gray  matter  is  again  in  excess,  aai 
the  central  canal  is  cnlargeii,  api>earing  T-shaped  in  section ;  while  in  thi 
tipper  portion  of  the  filum  terminate  the  gray  matter  is  uniform  in  shape  witiMnK 
any  central  canal. 

The  shape  of  the  cord  changes  from  the  sacral  and  himbarr^ioi 
where  it  is  circular  to  the  thoracic  where  it  is  oval,  and  to  the  cervicd 
w^liero  the  lateral  diamctor  considerably  exceeds  the  antero-posteriorj 
the  change  in  shape  is  due  to  a  gradual  increase  of  the  lateral  columiA 
TiiK  Spiral  Cord  AND  Neuve- Roots  a  Mass  op  Nerve-Uxits.- 
"We  liave,  in  the  foregoing,  dcir»cribed  the  spinal  cord  as  being  composs 
of  white  and  gray  matter,  and  these  substances,  in  turn,  being  compow 
of  nerve-fibres  and  nerve-cells,  and  a  supporting  substance  called  nm 
Via,  From  the  physiologist's  point  of  view,  the  spinal  cord  is  considewi 
to  bo  composed  of  a  mass  of  nerve-nnits  or  neurons.  These  are  divide 
into  three  great  classes:  the  motor  neurons,  the  sensory  neurons, 
tbe  intermediate  neurons.  The  motor  neurons  make  up  the  larger  ptf 
of  the  nerve-tissue  in  the  anterior   horns;    their  neuraxons  pass  oi 


the  anterior   roots.     The  sensort/  nefrrojht  have  their  cella  or  atart- 
j-poinU   in    the   posterior  spimil   ganglia,    theee  being   large   gang- 
ic  masses  which  lie  npon    the  posterior  roots.     These  celk  have 
a  procega  which   runs  gpineward  through  the  ]>osterior  roots  into  the 
tplml  cord,  and   another  which  runs   periplierally,   forming  the    een- 
fiorj  nerve.     The  inferniedmie  neitrons  have  their  cells  of  origin  in  the 
pogterior  horns  and  raedian  part  of  the  gray  matter,  and,  to  a  plight  ex- 
,,  tent,  in  the  anterior  horns.     Their  cells  fnrm  the  intrinsic  cells  of  the 
spinal  cord,  and  also  assist  in  the  conduction  of  Bcusory  and  other  affer- 
ieufe  impiil^s.     For  example,  the  neurons,  starting  with  the  cella  lying 
fin  Clarke's  column,  send  their  processes  up  into  the  cerebellnni,  and 
thus  continue  afferent  impulses  hronght  to  the  neurons  tlirougli  the  pos- 
terior roots.     On  the  other  hand,  other  groups  of  cells  lie  in  the  lateral 
part  of  the  gray  matter  and  give  rise  to  processes  which  pass  out  into  the 
lateral  columns  and   then  enter  the  gray  mutter  again,  to  connect  with 
cells  at  different  levels,     Tliese  are  the  intermediate  neurons  which  are 
commissural  in  their  functions. 


» 
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The  anterior  spinal  nerve-roots  are  efferent  in  function:  the  posterior 
pre  aJIerent.     The  fact  is  proved  in  various  ways.     Division  of  the 

Eiterior  roots  of  one  or  more  nerves  is  followed  by  complete  loss  of  mo- 
on in  the  parta  supplied  by  the  fibres  of  such  roots;  but  the  sensation 
r  the  same  parts  remains  perfect.  Division  of  the  posterior  roots 
(destroys  the  sensibility  of  the  parts  supplied  by  their  fibres,  wliile  the 
power  of  motion  continues  unimpaired.  Moreover,  irritation  of  the 
Inds  of  the  distal  portions  of  the  divided  anterior  roots  of  a  nerve  excites 
Inuscular  movements;  irritation  of  the  ends  of  the  proximal  portions, 
irhich  are  still  in  connection  with  the  cord,  is  followed  by  no  appreciable 
meet.  It  must  be  remembered,  however,  that  in  the  anterior  or  efferent 
perves  other  besides  niotory  are  contained,   f,//,,  vaso-motor,  secretory, 

bt  fibres,  and  it  may  be  supposed  that  w^hen  the  distal  end  of  a  divided 
re  is  stimulated,  the  effects  would  be  exercised  not  only  upon  mus- 
Ees,  but  upon  glands,  blood-vessels,  etc.  Irritation  of  the  distal  portions 
!  the  divided  posterior  roots,  on  the  other  hand,  produces  no  muscular 
ovementB  and  no  manifestations  of  pain;  for,  as  already  stated,  sen- 
Erv  nerves  convey  impressions  only  toward  t!ie  nervous  centres:  but 
ritation  of  the  proximal  portions  of  these  roots  elicits  signs  of  intense 
ffering.  Occasionally,  under  this  last  irritation,  muscular  movements 
Iso  ensue;  but  these  are  either  voluntary,  or  the  result  of  the  irritation 
ping  reflected  from  the  sensory  to  the  motor  fibres.  Occasionally,  too, 
Citation  of  the  distal  ends  of  divided  anterior  roots  elicits  signs  of  pain. 
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as  well  as  prodacing  muscular  movements:  the  pain  thus  excited  is  prob- 
ably the  result  either  of  cramp  or  of  so-called  recurrent  sensibility. 

Recurrent  Sensibility. — If  the  anterior  root  of  a  spinal  nerve  to 
divided,  and  the  peripheral  end  be  irritated,  not  only  movements  of  the 
muscles  supplied  by  the  nerve  take  place,  but  also  of  other  muscles,  indic- 
ative of  pain.     If  the  main  trunk  of  the  nerve  (after  the  coalescence  ol 
the  roots  beyond  the  ganglion)  be  divided,  and  the  anterior  root  be 
irritated  as  before,  the  general  signs  of  pain  still  remain,  although  the 
contraction  of  the  muscles  does  not  occur.     The  signs  of  pain  disappear 
when  the  posterior  root  is  divided.     From  these  experiments  it  is  be- 
lieved that  the  stimulus  passes  down  the  anterior  root  to  the  mixed 
nerve,  and  returns  to  the  central  nervous  system  through  the  posterior 
root  by  means  of  certain  sensory  fibres  from  the  posterior  root,  ivhieb 
loop  back  into  the  anterior  root  before  continuing  their  course  into  the 
mixed  nerve-trunk.     These  fibres  degenerate  when  the  posterior  nene- 
root  is  divided  beyond  the  ganglion. 

Functions  of  the  Gmiglia  on  Posterior  Roots. — The  cells  of  the  pos- 
terior ganglia  act  as  centres  for  the  nutrition  of  the  nerve-fibres  given  off 
from  them.  When  these  are  cut,  the  parts  of  the  nerves  so  severed  de- 
generate, while  the  parts  which  remain  in  connection  with  the  cells  do 
not.  Thus  on  section  of  the  posterior  nerve-root  beyond  the  ganglion 
the  peripheral  part  wastes  and  the  central  c^oes  not,  and  on  section  of 
the  root  between  the  ganglion  and  the  cord  the  central  part  to  a  grest 
extent  wastes  and  the  peripheral  remains  unaffected. 


Functions  of  the  Spinal  Cord. 

The  power  of  the  spinal  cord,  as  a  nerve-centre,  may  be  arranged 
under  the  heads  of  (1)  Conduction;  (2)  Reflex  action. 

(1)  Conduction, — The  functions  of  the  spinal  cord  in  relation  to 
conduction  may  be  best  remembered  by  considering  its  anatomical  con- 
nections with  other  parts  of  the  body.  From  these  it  is  evident  that 
there  is  no  way  by  which  nerve-impulses  can  be  conveyed  from  the  trunk 
and  extremities  to  the  brain,  or  x'ice  versa,  other  than  that  formed  bj 
the  spinal  cord.  Through  it,  the  impressions  made  upon  the  peripberJ 
extremities  or  other  parts  of  the  spinal  sensory  nerves  are  conducted  to 
the  brain,  where  alone  they  can  be  perceived.  Through  it,  also,  the 
stimulus  of  tho  will,  conducted  from  the  brain,  is  capable  of  exciting  the 
action  of  the  muscles  supplied  from  it  with  motor  nerves.  And  forall 
these  conductions  of  impressions  to  and  fro  between  tho  brain  and  tht 
spinal  nerves,  the  perfect  state  of  the  cord  is  necessary;  for  when  any 
part  of  it  is  destroyed,  and  its  communication  with  the  brain  is  inter- 
rupted, impressions  on  the  sensory  nerves  given  off  from  it  below  the 
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to  be  propagated  to  tbe  brain,  and  the  brain  kists 
«i«  power  of  voluntarily  exciting  the  motor  nerves  proceeding  from  the 
portion  of  cord  isolated  from  it.  Dlaatrations  of  this  are  furnished  by 
^'U'ious  exainplea  of  paralysis,  but  hy  none  better  thao  by  the  common 
pwraplegia,  or  loss  of  sensation  and  voluntary  motion  in  the  lower  part  of 
the  body,  in  congcquence  of  destroctive  disease  or  injury  of  a  portion, 
iDcliuhng  the  whole  thickness,  of  the  spinal  cord.  Such  lesions  distroy 
ite  cominnnication  between  the  brain  and  all  parts  of  t)ie  spinal  cord 
klow  tfie  seat  of  injury,  and  consequently  cut  off  from  their  connection 
lith  the  brain  the  various  urgana  supplied  witJi  nervea  issuing  from 
hoee  parts  of  the  cori, 

U  i&  not  probable  ilnit  the  conduction  of  motor  or  sensory  impulses  is 
ffected  nnder  ordinary  circumstances  (to  any  great  extent),  as  was  for- 
lerly  suppoged,  through  the  gray  substance,  i.e.,  through  tne  nerve- 
jrpuscles  and  tilaments  connecting  them.  All  parts  of  the  cord  are  not 
like  able  to  conduct  all  impressions;  and  as  there  are  separate  nerve- 
bres  for  motor  and  for  sensory  impressions,  so  in  the  cord,  separate  and 
i^terminate  tracts  serve  to  conduct  always  tlie  same  kiml  of  impres- 
OD.  The  senaations  of  touch,  temperature,  and  pain,  however,  do  not 
)pear  to  have  such  sharply  limited  tracts  as  the  motor  impulses. 

Experimental  and  other  observations  point  to  the  folloM'ing  conclu- 
ODg  regarding  the  conduction  of  sensory  and  motor  impressions  through 
le  spinal  cord.  Many  of  these  conclusions  must,  however,  be  received 
ith  considerahlo  reserve. 

a.  Sensory  Impressions, — By  sensory  impressions  are  here  meant 
lesensations  of  touch  and  pain,  of  heat  and  cold,  and  of  muscular  sense, 
hese  impressions  are  conveyed  to  the  spinal  cord  by  the  posterior  nerve- 
>ota.  Fart  of  them  are  then  carried  directly  into  the  })ostero-mediaii 
dumn  on  the  same  side,  and  thence  up  to  the  nucleus  of  this  column 
I  the  medulla.  It  is  mainly  the  impulses  of  muscle  sense  that  are  thus 
nried.  Other  sensations  are  carried  hy  the  posterior  root-fibres  to  the 
jlls  of  the  column  of  Clarke.  From  there  the  impulses  are  conveyed  to 
ie  direct  cerebellar  tract  on  the  same  side,  and  thence  up  to  the  cere- 
jllam.  These  are  mainly  sensations  that  siibscrvo  the  sense  of  equili- 
rium,  and  are  closely  connected  in  function  with  those  which  pass  up 
le  column  of  Goll  to  its  nucleus.  The  impressions  of  touch  and  pain, 
111  of  heat  and  cold,  are  conveyed  to  the  nervo'ceOa  in  the  posterior 
inma  of  the  same  side  in  part,  and  in  part  to  the  nerve-cells  in  the 
Kterior  cornua  and  median  gray  of  the  opposite  side.  From  this  point, 
€  impulse  is  taken  up  again  by  intermediary  neurons  and  conveyed 
rough  the  anterior  and  lateral  columns  of  the  cord,  in  the  ascending 
let  of  Oowers  and  Toothy  to  tlie  brain.  By  reason  of  the  great  number 
collaterals  and   the  interpolation  in  the  course  of  the  sensory  impulse 

many  intermediary  neurons,  no  very  sharplv  defined  tract  has  yet 
CD  satisfactorily  made  out  in   the  spinal   cord   for  the  conduction  of 
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these  sensations  of  temperature,  pain,  and  touch.  If  one  set  of  fibres  ii 
destroyed  by  disease,  others  seem  able,  through  the  collaterals,  to  take 
up  its  function.  We  can  only  say  that  most  of  these  sensory  impresnoiii 
pass  up  in  the  lateral  and  anterior  columns.  It  is  probable,  also,  that 
pain  and  temperature  sensations  cross  over  at  once,  to  a  considerable  ex- 
tent, and  pass  up  in  the  opposite  side  of  the  cord  to  which  they  enter. 
Touch  and  pressure  sensations,  as  well  as  muscle-sense  impressions,  and 
sensations  of  equilibrium,  pass  up  largely  upon  the  same  side  until  they 
reach  the  medulla  or  cerebellum. 

The  direct  cerebellar  tract  is  believed  to  commence  in  the  cells  of  the 
posterior  vesicular  column  of  Clarke  of  the  same  side;  it  goeschiefl;to 
the  cerebellum,  through  the  restiform  body,  but  is  said  also  to  contain 
fibres  which  pass  up  as  far  as  the  corpora  quadrigemina  and  then  tuni 
backward  and  lying  near  the  brachium  pass  to  the  cerebellum.  The 
fibres  of  the  antero-lateral  ascending  tract  are  believed  to  arise  from 
the  gray  matter  of  the  posterior  cornu.  In  the  case  of  the  ascending 
tracts,  with  the  exception  of  the  posterior  median  column,  the  conneo 
tiou  with  the  posterior  nerve-roots  is  not  direct. 

h.  Motor  Impressions. — Motor  impressions  are  conveyed  down- 
ward from  the  brain  along  the  pyramidal  tracts^  viz.^  the  direct  or  (Or 
terior,  and  the  crossed  or  lateral,  cliiefly  in  the  latter.  GeneraDj 
speaking,  the  impressions  pass  down  on  the  side  opposite  to  which  tliey 
originate,  having  undergone  decussation  in  the  medulla;  but  some  im- 
pressions do  not  cross  in  the  medulla,  but  lower  down,  in  the  cord,  being 
conveyed  by  the  anterior  or  uncrossed  pyramidal  fibres,  and  decussate  in 
the  anterior  commissure.  The  motor-fibres  for  the  legs  partially  pass 
downward  in  the  lateral  columns  of  the  same  side.  This  is  also  probably 
the  case  with  the  bilateral  muscles,  i.e.^  muscles  of  the  two  sides  acting 
togetlior,  such  as  the  intercostal  muscles  and  other  muscles  of  the  trunk, 
as  well  as  the  costo-humeral  muscles. 

It  is  quite  certain,  as  was  just  now  pointed  out,  that  the  fibres  of  the 
anterior  nervo-roots  are  more  numerous  than  the  fibres  proceediug  down- 
ward froui  the  brain  in  the  pyramidal  tracts,  or  the  so-called  pyramidal 
fibres.  This  is  because  each  pyramidal  fibre  is  really  a  very  long  ner?t 
process  or  neuraxon,  and  is  supplied  in  its  course  with  a  large  numbtf; 
of  collaterals,  which  go  oil  at  different  points,  and  thus  put  it  in  relation 
with  different  groups  of  nerve-cells  in  the  anterior  cornua  at  variom 
levels.  Each  nerve-fibre  of  the  pyramidal  tract,  by  means  of  its  col- 
laterals, can  control  a  number  of  nerve-cells,  and  can  thus  co-ordinale 
the  action  of  impulses  sent  out  through  the  anterior  roots  to  a  numbff 
of  groups  of  muscles.  In  other  words,  the  gray  matter  of  the  antericf: 
cornua  contains  an  apparatus  with  various  complicated  co-ordiDati5| 
powers,  which  apparatus  is  under  the  control  of  the  neurons  wh< 
cells  of  origin  are  in  the  cortex  of  the  brain.  This  apparatus  is  also  W^ 
flezly  influenced  by  sensory  impressions  passing  to  the  cord. 


DiTisioii  of  the  anterior  pyramids  of  the  medulla  at  the  point  of 
Jecnssalion  is  foJ lowed  by  piiralyBis  of  motion,  never  (|uite  absolute,  in 
ill  parts  below.  Disease  or  division  of  any  part  of  the  cerebro-spiiiai 
liJ9  above  the  seat  of  decussation  is  followed  by  impaired  or  lost  ])ower 
of  motion  on  the  opposite  side  of  the  body;  while  a  like  injury  indicted 
below  this  part  induces  similar,  never  quite  absolute  no  doubt,  on  the 
sorresponding  side. 

When  one  half  of  the  spinal  cord  is  cut  through  in  monkeys,  the 
Dllowing  results  follow  (Mott) : — Motor  paralysis  of  the  muscles  of  the 
me  side  (never  complete  of  muscles  used  in  bilateral  associated  action), 
)Uowed  by  gradual  recovery  of  muscular  movement,  except  of  the  finer 
ovements  of  the  hand  and  foot;  wasting  and  Habbiness  of  the  ranscles; 
Esory  paralysis  of  the  same  side  (temperature,  touch,  pain  and  pres- 
re) ;  temporary  vaso-motor  paralysis  on  came  side.  The  temperature  of 
e  affected  side  was  depressed  1  to  3""  (F.), 

It^Jfex  Action. — In  man  the  spinal  cord  is  so  much  under  the  control 
the  higher  nerve-centres,  that  its  own  individual  functions  in  rcla- 
m  to  reflex  action  are  apt  to  be  overlooked;  so  that  the  result  of 
jury,  by  which  the  cord  is  cut  off  completely  from  the  influence  of  the 
cephalon,  is  apt  to  lessen  rather  than  increase  our  estimate  of  its 
iportance  and  individual  endowments.  Thus,  when  the  human 
inal  cord  is  divided^  the  lower  extremities  fall  into  any  position  that 
eir  weight  and  the  resistance  of  surrounding  objects  combine  to  give 
em;  and  if  tlie  body  is  irritated,  they  do  not  move  toward  the  irrita- 
m;  and  if  they  are  touched,  the  consequent  reflex  movements  are 
sorderly  and  purposeless;  all  power  of  voluntary  movement  is  absolutely 
oHshed,  In  other  mammals,  however,  e,g.^  m  the  rabbit  or  dog,  after 
sovery  from  the  shock  of  the  operation,  which  takes  some  time^  reflex 
tion  w^ill  occur  in  the  parts  below  after  tlie  spinal  cord  has  been  divided, 
bftiy  feeble  irritation  being  followed  by  extensive  and  co-ordinate 
Rements,  In  the  case  of  the  frog,  and  many  other  cold-bloodod 
imals,  in  which  experimental  and  other  injuries  of  the  nerve-tissues 

I  better  borne,  and  in  which  the  lower  nerve-centres  are  less  subor- 
ttsite  in  their  action  to  the  higher,  the  reflex  functions  of  the  cord  are 

II  more  clearly  shown.  When,  for  example,  a  frog's  head  is  cut  off, 
limbs  remain  in,  or  assume  a  natural  position;  they  resume  it  when 

liarbed;  and  when  the  abdomen  or  back  is  irritated,  the  feet  are 
iTed  with  the  manifest  purpose  of  pushing  awjiy  the  irritation.  The 
in  difiference  in  the  cold-blooded  animals  being  that  the  reflex  move- 
nts are  more  definite,  complicated,  and  effective,  although  less  ener- 
ic  than  in  the  case  of  mammals.  It  might  indeed  be  thought,  on 
>erficial  examination,  that  the  mind  of  the  animal  was  engaged  in 
I  acts;  and  yet  ail  analogy  would  lead  us  to  the  belief  that  the  spinal 
d  of  the  frog  has  no  different  endowment,  in  kind,  from  those  which 
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belong  to  the  cord  of  the  higher  Tertebrata:  the  difference  is  only  in 
degree.  And  if  this  be  granted,  it  may  be  assumed  that,  in  man  &nd 
the  higher  animals,  many  actions  are  performed  as  reflex  movements 
occurring  through  and  by  means  of  the  spinal  cord,  although  the  latter 
cannot  by  itself  initiate  or  even  direct  them  independently. 

Cutaneous  and  Muscle  Reflexes. — In  the  human  subject  two  kinds  <rf 
reflex  actions  dependent  upon  the  spinal  cord  are  usually  distinguished, 
the  alterations  of  which,  either  in  the  direction  of  increase  or  of  diminn* 
tion,  are  indications  of  some  abnormality,  and  are  used  as  a  means  of 
diagnosis  in  nervous  and  otlier  disorders.  They  are  termed  respectivdy 
(a.)  cutaneous  reflexes^  and  (h,)  muscle  reflexes,  (a.)  Cutaneous  refiexei 
are  set  up  by  a  gentle  stimulus  applied  to  the  skin.  The  snbjaoeat 
muscle  or  muscles  contract  in  response.  Although  these  cutaneooi 
reflex  actions  may  be  demonstrated  almost  anywhere,  yet  certain  of  sndi 
actions  as  being  most  characteristic  are  distinguished,  e.g.y  plantar 
reflex;  glutcar  reflex,  i.^.,  a  contraction  of  the  gluteus  maximus  when 
the  skin  over  it  is  stimulated;  cremaster  reflex,  retraction  of  tha 
testicle  when  the  skin  of  the  inside  of  the  thigh  is  stimulated,  and  tha 
like.  The  ocular  reflexes,  too,  are  important.  They  are  contractioa^ 
of  the  iris  on  exposure  to  light,  and  its  dilatation  on  stimulating  the  ddn^ 
of  the  cervical  region.  All  of  these  cutaneous  reflexes  are  true  reflci 
actions.  They  differ  in  dilferent  individuals,  and  are  more  easily  elicited 
in  the  young.  Muscle  reflexes,  or  as  they  are  often  termed,  tendon 
reflexes,  consist  of  a  contraction  of  a  muscle  under  conditions  of  more  or 
less  tension,  when  its  tendon  is  sharply  tapped.  The  so-called  patella^ 
tendon-reflex  is  the  most  well-known  of  this  variety  of  reflexes.  If  one 
knee  be  slightly  flexed,  as  by  crossing  it  over  the  other,  so  that  tha^ 
quiulriceps  fenioris  is  extended  to  a  moderate  degree,  and  the  j^teDa 
tendon  bo  tapped  with  the  fingers  or  the  earpiece  of  a  stethoscope,  tha 
muscle  contracts  and  the  foot  is  jerked  forward. 

Another  variety  of  the  same  phenomenon  is  seen  if  the  foot  is  flexed* 
as  to  stretch  the  calf  muscles  and  the  tendo  Achillis  is  tapped;  the' 
foot  is  extended  by  the  contraction  of  the  stretched  muscles.  Itappeatli^ 
however,  that  tlio  tendon  reflexes  are  not  exactly  what  their  name  im-' 
plies.  The  interval  between  the  tap  and  the  contraction  is  said  to  ha 
too  short  for  tlie  production  of  a  true  reflex  action.  It  is  sugges 
that  the  contraction  is  caused  by  local  stimulation  of  the  muscle,  hot 
that  this  would  not  occur  unless  the  muscle  had  been  reflexly  stimuktaJ 
previously  by  the  tension  applied,  and  placed  in  a  condition  of  excesoif 
irritability.  It  is  further  probable  that  the  condition  on  which  it 
depends  is  a  reflex  spinal  irritability  of  the  muscle  or  (exaggerat 
muscular  tone,  which  is  admitted  to  be  a  reflex  phenomenon — or  an  ex- 
ample of  automatism — in  the  sphial  cord. 


TTIE    XKUVOrH   SYSTE3kf, 


677 


Jnh  ihii ion  of  Refiex  A  H  ion^ .  —  M o vc m en  U  b n  ch  m  a m  prod  ii ced  by 
ritaii ug  the  skin  of  the  lower  extremities  in  the  hnnmn  subject,  after 
ifidlou  or  disorgunimtiun  of  a  purt  of  the  spinal  cord,  do  not  fullow 
same  irritation  when  the  cerebrum  iis  active  and  the  connection 
Itween  the  cord  and  the  brain  is  intact.  This  is,  probably,  due  to 
fact  that  the  mind  ordiiuirily  perceives  the  irritation  and  instantly 
ihibits  or  controls  tlie  action;  for,  even  when  tlie  cord  is  perfect,  such 
ivoluntary  movements  may  follow  an  irritation,  applied  when  the  cere- 
rwn  is  inactive.  Wlien,  for  example,  one  ia  anxiously  thinking,  even 
^t  stimnii  may  produce  involuntary  and  reflex  mnvementa.  So,  also, 
ring  sleep,  such  reflex  movements  may  fee  observetl,  when  the  akin  la 
rdie<i  or  tickled;  for  example,  when  one  tonches  with  the  fmger  the 
im  of  the  hand  of  a  sleeping  child,  the  finger  is  grasped ^ — the  im- 
ion  on  the  skin  of  the  palm  producing  a  reflex  movement  of  the 
which  close  the  hand.  But  when  the  child  is  awake,  no  such 
is  produced. 
Further,  many  reflex  actions  are  capable  of  being  more  or  less  Con- 
or even  altogether  prevented  by  the  will :  thus  an  inhibitory  action 
\je  exercised  by  the  cerebrum  over  reflex  functions  of  the  cord 
the  other  nerve-centres.  The  following  may  Ije  quoted  as  familiar 
pies  of  this  action: — 

0  prevent  the  reflex  action  of  crying  out  when  in  jiain,  it  is  often 
icient  firmly  to  clench  the  teeth  or  to  grasp  some  object  and  hold  it 

When   the  feet  are  tickled  we  can,  by  an  effort  of  will,  prevent 
ex  action  of  jerking  them  up.     So,  too,  the  involuntary  closing 
eyes  and  starting,  when  a  blow  is  aimed  at  the    head,  can  be 
arly  restrained, 

in  has  mentioin^d  an  interesting  example  of  the  way  in  which, 

th©  other  hand,  such  an  instinctive  reflex  act  may    override    the 

elfort  of   the   will.      lie  placiul  his  face  close  against  the  glass 

bra's  cage  in  tbt*  Reptile  House  at  the  Zoological  Gardens,  and 

igh,  of  course,  thoroughly  convinced  of  hia  perfect  security,  could 

by  any  etlort  of  the  will  prevent  himself  from  sfcirting  back  when 

ke  struck  with  fury  at  the  glass. 

hiis  been  found  by  experiment  that  in  a  frog  the  ojtffe  lobes  and 

M^/^f/^N*  have  a  distinct  action  in  inhibitiii;^^  or  delaying  reflex  ac- 

and  also  that  more  generally  any  alTerent  stinndus,   if  sutficiently 

'f  may  inhibit  or  moflify  any  reflex  iietion  even  in  tho  absence  of 

centres. 

1  the  whole,  therefore,  it  may,  from  these  and  like  facts,  be  con- 
led  that  reflex  acts,  performed  under  the  influence  of  the  reflecting 
*er  of  the  apinal  ronU  are  ossentijLlly  iTidcpcndent  of  the  brain  and  may 

ormeil  perfectly  when  the  brain  ii  separated  from  the  cord:  that 

n 
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these  include  a  much  larger  number  of  the  natural  and  pnrposiTe  n 
ments  of  the  lower  animals  than  of  the  warm-blooded  animals  inclm 
man :  and  that  over  nearly  all  of  them  the  mind  may  exercise,  thn 
the  higher  nerve-centres,  some  control;  determiningy  directing^  hin 
ing^  or  modifyiiig  them,  either  by  direct  action,  or  by  its  power 
associated  muscles. 

To  these  instances  of  spinal  reflex  action,  some  add  yet  many  n 
including  nearly  all  the  acts  which  seem  to  be  performed  anconscioi 
such  as  those  of  walking,  running,  writing,  and  the  like:  for  these 
really  involuntary  acts.  It  is  true  that  at  their  first  performanoeB  1 
are  voluntary,  that  they  require  education  for  their  perfection,  and 
at  all  times  so  constantly  performed  in.  obedience  to  a  mandate  of 
will,  that  it  is  difficult  to  believe  in  their  essentially  involuntary  niti 
But  the  will  really  has  only  a  caiitrolling  power  over  their  perfomuB 
it  can  hasten  or  stay  them,  but  it  has  little  or  nothing  to  do  with 
actual  carrying  out  of  the  effect.  And  this  is  proved  by  the  cire 
stance  that  these  acts  can  be  performed  during  complete  mental  ahsfc 
tion:  and,  more  than  this,  that  the  endeavor  to  carry  them  out  enti 
by  the  exercise  of  the  will  is  not  only  not  beneficial,  but  positivdj 
terferes  Mrith  their  harmonious  and  perfect  performance.  Anyone] 
convince  himself  of  this  fact  by  trying  to  take  each  step  as  a  voluni 
act  in  walking  downstairs,  or  to  form  each  letter  or  word  in  writing 
a  distinct  exercise  of  the  will. 

These  actions,  however,  will  be  again  referred  to. 

Morbid  reflex  action ^i, — The  relation  of  the  reflex  action  to  thestreHi 
of  the  stimulus  is  the  same  jis  avhs  shoAvn  generally  to  occur  in  nei 
centres,  a  slight  stimulus  producing  a  slight  movement,  and  a  gretl 
a  greiiti^r  movement,  and  so  on;  but  in  instances  in  which  wen 
assume  that  the  cord  is  morhidhj  more  irritable^  t.^.,  apt  to  issue  B 
nervous  force  than  is  proportionate  to  the  stimulus  applied  to  it,  adi] 
impression  on  a  sensory  nerve  produces  extensive  reflex  moveni«i 
This  appears  to  be  the  condition  in  the  disease  called  tetaniw, 
which  a  slight  touch  on  the  skin  may  throw  the  whole  body  i 
convulsions. 

Special  Centres. — It  may  seem  to  have  been  implied  that  the  qi 
cord  as  a  single  nerve-centre,  reflects  alike  from  all  parts  all  the  impi 
sions  conducted  to  it.  This,  however,  is  not  the  case,  and  it  should 
regarded  as  we  have  indicated,  tis  a  collection  of  nervous  centres  unfl 
in  a  continuous  column.  This  is  well  illustrated  by  the  fact  that  i 
ments  of  the  cord  may  act  as  distinct  nerve-centres,  in  which  spei 
co-ordinated  muscular  actions  tire  represented,  and  excite  muscular  acB 
m  the  parts  supplied  Avith  nerves  given  off  from  them;  as  well  as  by' 
analogy  of   certain  cases  in  which  the  muscular  movemenis  of  sii 
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tt9  are  under  the  control  of  certain  circumscribed   portions  of  the 

*rhe  special  centres  are  tlie  following  (on  each  Ride):— 
d.)  T7ie  Defmaition,  or  Am'Sphutl  c^?*/r?,— The  mode  of  action  of 
OiQ-spinal  centre  uppciirs  to  be  this.  The  mucoaa  membnme  of  the 
urn  is  stimu lilted  by  the  presence  of  ficees  or  of  gas  in  the  bowel* 
stiniulns  passes  up  bj  the  afferent  nerves  of  the  btemorrhoidal  and 
ior  mesenteric  plexus  to  the  centre  in  the  cord,  sitoiited  in  the 
>ar  enlargement,  and  is  reflected  through  the  pudendal  plexus  to 
mal  sphincter  on  the  one  hand,  and  on  tlie  other  to  the  muscular 
e  in  the  wall  of  the  lower  bowel.  In  this  way  is  produced  a  relaxa- 
of  the  first  and  a  contraction  of  the  second,  and  expulsion  of  the 
mis  of  the  bowel  follows.  The  centre  in  the  spinal  cord  is  par- 
f  under  the  control  of  tlie  will,  so  that  its  action  may  be  either 
>ited  or  augnoented.  The  action  may  be  helped  by  the  abdominal 
lies  which  are  under  the  control  of  the  will,  although  under  a  strong 
alns  they  may  also  be  compelled  to  Civn tract  by  reflex  action. 
J.)  The  Mteinrifmu  or  Ihv  Vvfimi'Spiutd  ff«Vr£'.— The  vesico-spinal 
"0  acts  in  a  very  sindlar  wmv  to  tliat  of  the  ano-spinal  The  centre 
lo  in  the  lumbar  enlargement  of  the  cord.  It  may  bo  stimulated  to 
n  by  impulses  descending  from  the  brain,  or  rcflexly  by  the  pres- 
of  urine  in  the  bladder.  The  action  of  the  brain  may  be  voluntary, 
may  be  excited  to  action  by  the  sensation  of  distention  of  the  bladder 
le  urine.  The  sensory  libres  concerned  are  the  posterior  roots  of  the 
PlK^ral  nerves.  The  action  of  the  centre  tlius  stimulated  is  double, 
may  Iw  supiM>se<l  that  the  centre  consists  of  two  jiarts,  one  wiiicb  is 
llv  in  action  and  maintains  tlie  tone  of  the  sphincter,  and  the  other 
h  causes  contraction  of  the  bhidder  and  other  muscles.  When  evacu- 
I  of  tlie  bladder  is  to  occur,  impulses  are  s^i-nt  to  one  part  of  the 
■e  on  the  one  han<l,  aud  from  it  to  the  bhuhler  and  to  certain  other 
lea  which  cause  their  contraction,  and  on  the  other  to  the  other 
of  the  centre,  inhibiting  its  action  on  the  sphincter  urethrre  which 
ires  its  relaxation.  The  way  having  lieen  opened  by  the  relaxation  of 
sphincter,  the  urine  is  extielled  hy  the  combined  action  of  the  blad- 
ind  accessor^'  muscles.  The  cercbrnni  may  act  not  oTily  in  the  way  of 
dating  the  centre  to  uctiun,  liut  also  in  the  way  of  inhibiting  its 
D,      The  abdominal  muscles  may  be  called   into  action  as  in  deffc- 

!:)  Tlie  Einimhn  of  t^einca,  or  Gi'm'tO'Sj/inal  cmfre, — The  centre 
ted  in  the  lumbar  enlargement  of  the  spinal  cord  is  stimulated  to 
H  by  sensory  impressions  from  the  glana  penis.  Efferent  impulses 
the  centre  excite  the  successive  and  co-ordinate  cantractions  of  the 
iilar  fibres  of  the  vasa  deferentia  and  vesiculne  seminalea,  and  of  the 
orator  nrinse  and  other  muscles  of  the  urethra;  and  a  forcible  expul- 
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sioD  of  semen  takes  place,  over  which  the  mind  has  little  or  no  con 
and  which,  in  cases  of  paraplegia,  may  be  nnfelt. 

{(l,)  The  Erection  of  the  Penis  centre. — This  centre  is  also  situ 
in  the  lambar  region.  It  is  excited  to  action  by  the  sensory  nenre 
the  penis.  Efferent  impalses  produce  dilatation  of  the  Teasels  of  the  p< 
which  also  appears  to  be  in  part  the  result  of  a  reflex  contraction  of 
muscles  by  which  the  veins  returning  the  blood  from  the  penis  are  c 


{e,)  Parturition  centre, — The  centre  for  the  expulsion  of  thei 
tents  of  the  uterus  in  parturition  is  situated  in  the  lambar  spinal  < 
rather  higher  up  than  the  other  centres  already  enumerated, 
stimulation  of  the  interior  of  the  uterus  by  its  contents  may,  ni 
certain  conditions,  excite  the  centre  to  send  out  impulses  which  proc 
a  contraction  of  the  uterine  walls  and  expulsion  of  the  contents  of 
cavity.  The  centre  is  independent  of  the  will  since  delivery  can  \ 
place  in  paraplegic  women,  and  also  while  a  patient  is  under  the  ii 
ence  of  chloroform.  Again,  as  in  the  cases  of  defsecation  and  mict 
tion,  the  abdominal  muscles  assist;  their  action  being  for  the  i 
part  reflex  and  involuntary. 

(/.)  The  Centre  for  the  Movements  of  Lymphatic  JTearis  of  Fr% 
Volkmann  has  shown  that  the  rhythmical  movements  of  the  anterior] 
of  lymphatic  hearts  in  the  frog  depend  upon  nervous  influence  deri 
from  the  portion  of  spinal  cord  corresponding  to  the  third  vertebra,; 
those  of  the  posterior  pair  on  influence  supplied  by  the  portion  of  c 
o])posite  the  eighth  vertebra.  The  movements  of  the  heart  contin 
though  the  whole  of  the  cord,  except  the  above  portions,  be  destroyed;' 
on  the  inst-int  of  destroying  either  of  these  portions,  though  all  therei 
the  cord  bo  untouched,  the  movements  of  the  corresponding  hearts  08l 

(//.)  The  Centre  for  the  Tone  of  Muscles, — The  influence  of  theqji 
cord  on  the  sphincter  ani  and  sphincter  urethras  has  been  already  ■ 
tioned  (see  above).  It  maintains  these  muscles  in  permanent  conti 
tion.  The  condition  of  these  sphincters,  however,  is  not  altogetl 
exceptional.  It  is  the  same  in  kind,  though  it  exceeds  in  degreed 
condition  of  muscles  which  has  been  called  tone^  or  passive  contractij 
a  state  in  Avhich  thoy  always  Avhen  not  active  appear  to  be  during  hedj 
and  in  which,  though  called  inactive,  they  are  in  slight  contraction,^ 
certainly  are  not  relaxed,  Jis  they  are  soon  after  death,  or  when  thespil 
cord  is  destroyed.  This  tone  of  all  the  muscles  of  the  trunk  andlii 
depends  on  the  spinal  cord,  just  as  the  contraction  of  the  sphincj 
does.  If  an  animal  be  killed  by  injury  or  removal  of  the  brain,! 
muscles  retain  their  tone;  but  if  the  spinal  cord  be  destroyed,! 
sphincter  ani  relaxes,  and  all  the  muscles  feel  loose,  flabby,  and  atfli 
remaining  so  till  riyor  mortis  commences.  | 
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This  kind  of  tone  must  be  distingiushed  from  tliat  mere  firmnesa and 
on  which  it  is  customary  to  jiscribe,  under  the  name  of  tone,  to 
tissues  that  feel  robust  and  not  llabhy,  us  well  as  to  muscles.     The 
peculiar  to  muscles  has  in  it  a  degree  of  vital  eoutrartiou:  that  of 
tr  tissues  is  only  due  to  their  being  well  nourished,  and  therefore  com- 
fei  and  tense. 

All  the  foregoing  examples  illustrate  the  fact  that  the  spinal  cord  is 
KiUection  of  reflex  centres,  upon  which  the  higher  centres  act  by  send- 
down  impidses  to  set  in  motion,  modify  or  control  them.  The 
lavements  or  other  phenomena  of  retlex  action  are,  as  it  were,  the  f unc- 
I  of  the  ganglion  cells  to  which  an  atferent  impression  is  conveyed  by 
posterior  nerve-trunks  in  coimeetion  with  them.  The  extent  of  the 
emeut  dej}euds  ujion  the  strength  of  tlie  stimulus,  the  position  in 
it  is  applied  m  well  as  tlie  condition  of  the  nerve-cells;  the  con- 
in  lx*tween  the  cells  beiug  so  intimate  that  a  series  of  co-ortlinated 
lents  may  result  from  a  single  stimulation,  AVhether  tlie  cells 
as  well  the  power  of  originating  impulses  (automatism)  is  doubt- 
but  this  is  possiljle  in  tlie  case  of  (A)  rff,^ti-muf</r  trutrtii  which  are 
[ated  in  the  cord  (p.  240),  antl  of  (/)  iiwcafinfj  cvuirat  which  must  he 
related  to  them,  and  jmsj^ibly  in  the  case  of  (;")  the  centres  for 
istaining  the  fmip  of  mi/,<i  Its, 

The  JVufrifioft  {a)  of  tiie  muscles  ajtpears  to  be  under  the  control  of 

spinal  cord.     Wben  the  nerve-cells  of  the  anterior  cornu  are  diseased 

muscles  atrophy.     In  the  same  way  (l^)  the  bones  and  (r)  joints  are 

ioiifily    idlected  when   the  cord  is  diseased.     The  former  when   the 

ior  nerve-cells  are  implicated,  do  not  grow,  and  the  latter  are  dis- 

ized  in  some  cases  when  the   posterior  cohimns  are  affected,     (fl) 

skiD,  too,  is  evidently  only  maintained  in  a  healthy  condition  as 

the  cord  and  its  nerves  are  intact.     No  doubt  part  of  this  iuflu- 

which  the  cord  exercises  over  nutrition  is  due  to  the  relationship 

it  bears  to  the  vaso-motor  nerves. 

thin  the  cord  are  contained,  for  some  distance,  fibres  (a)  which 

te  the  dUatation  of  the  ]>upil,  {h)  which  have  to  do  with  the  glyco* 

function  of  the  liver,  (t:)  which  control  the  nerve-supply  of  the 

lb  of  the  face  and  head,    (d)   which  produce  acceleration  of  the 

t'g  action,  and,  (e)  have  a  termotaxic  action  on  the  muscles,  etc. 


The  Relatioks  of  tiik  Different  Pakts  of  the  Brain. 


Before  considering  the  parts  of  the  brain  separately,  it  will  be  best  for 
samprehension  of  the  plan  of  its  construction  to  take  a  general  survey 
whole.       The  brain   on   superficial    examination   presents   four 
jt  parts,  viz.  {(l)  The  large  and  prominent  masses  of  nervouB 


Tim,  8B4,— Baaeof   thelirain, 
loibe;  a,  fiBHiin^  uf  Sylvkts,  l»ftwtH«^n  aiit»»Hor  and  1,  4',   4",  iin 
lotoe;tf«  iii(-tlullu<t(il<«nj:uta.  Tilt' tiK^rtMa.  in  the  rljrbt  ant^-rlrn 
4-,  tin*  infi*ritir  vfiifiifonn  pnxvss.    Tim tijrurvjs;  from  I.  Ut  IX    • 
Ctti^brn I  tierwM;  III.  in  plii*iiHl  on  tliff  risht  rni<v  rert^brl.     Vi.  auii 
thtt  flrst  cervical  or  subi>ct:ipitAl  titirve.     (Alleti  ThomiSOQ.  1    ^, 


toriorly  it  is  seen  to  bnineh  off  into  two  strands,  which  are  th«^ 
cerebri:  and  posteriorly  it  joins  with  a  narrower  portion,  whieli 
vuduUu  QMimijata  or  hnlh.     This  latter  is  continnouij  with  the  spi 
In  connection  with  the  bulb  and  pons  are  seen  many  nerve-tru 
ing  oil;    these  are  tlie  chief  part  of  the  eranial  nerves.     Two 
cranial  nerves,  however,  are  more  interior,  and  one,  the  optic  (fij 
2),  is  seen  to  send  off  a  broad  band  of  fibres  which  apparently 
into  the  substance  of  the  cerebrum.     The  most  anterior  nerve- 
either  side*  viz.,  the  olfactory   (fig,  354,  1),  extends  for  some  dil 
upon  the  under  surface  of  each  cerebral  hemisphere,     {c.)  The  pi 
Bpen  to  be  connected  laterally  with  a  lartje  mass  of  nervous  matter* 
which  in  the  position  of  the  brain  turned  upward,  the  bulb  alsoi 
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Uiis  is  the  cerebellum^  and  {(l.)  When  the  brain  is  viewed  in  the  normal 
pomtton  at  the  hottom  of  the  fissure,  between  the  hemispherea  is  seen  a 
krodkl  band  of  white  matter  couuecting  one  hemisphere  with  its  follow, 
tiie  main  commissure  or  a^rpm  valimum  (tig,  ;j57).     Such  parts  of  the 
brain  are  evident  even  on  supertlcial  examination.     On  dissection,  it  is 
found  that  the  central  nervous  system  is  not  a  solid  mass  of  nerve  mate- 
rial; it  incloses  certain  cavities,  the  verehral  ventricles.     Forming  the 
ndls  and  boundaries  of  these  ventricles  are  very  important  masses  of 
DfTvous  matter.     The  cerebrum  proper  incloses  a  hirge  central  cavity, 
iiit  htieral  ventrivie^  but  separated  by  a  median  partition  into  two*     Into 
►  cavity  of  each  lateral  ventricle  (lig.  355)  projects  a  rounded  mass  of 
\j  matter  anteriorly,  which  is  tiie  cuiKhite  nucleus  of  an  important 
cturo  known  as  the  corpus  siriatuni^  the  more  external  part  of  which, 
lenticular  nucleus,  ia  embedded  in  the  mass  of  the  cerebral  hemi- 
bere.      Below,  or  more  posterior  to  the  atinktie  mtdeua^  and  also  jiro- 
Biing  into  the  lateral  ventricle,  is  a  second  mass  of  gray  matter,  called 
qpiic  ihalamuH;  the  upper  part  of  this  only,  however,  is  seen  in  the 
iral  ventricle,  the  lower  and  more  internal  part  approaching  its  fellow 
the  middle  line  leaves  a  space  which  on  vertical  section  is  more  or  less 
langnlar,  called  the  ihird  ventricle.     The  lateral  ventricles  are  sepa- 
from  one  another  by  means  of  a  partition  made  of  two  layers  of 
matter,  the  septum  lueifhtm.     On  section  the  sei>turn  is  seen  to  be 
fre  ar  leas  triangular,  and  between  the  two  layers  there  is  the  space  of 
I  fifth  ventricle  filled  with  fluid* 

At  the  poster iur  part  of  tbc  septum  Itieidum,  and  joining  with  it,  is 

^  fornix.     This  is  a  longitudinni  commissure;  it  is  arched  and  its 

is  seen   in  the  lateral  ventricle  on  either  side.     Between  its  edge 

the   upper  part  of  the  optic  thalamus   prc^jccis  a  fringe  of  hlood- 

^Id,  which  is  the  upper  part  of  the  septum  of  the  vascular  pia  mater, 

psisse^  into  tbc  interior  of  the  brain,  and  which  is  called  the  chn- 

^Uarus  :  the  w\io\q  of  the  projection  furniing  a  rouf  for  the  third 

cl©  18  called  the  velum  interpofiifum, 

e  fornix  (fig.  355,  e)  is  made  up  of  two  strands  anteriorly,  called 

ant4^rior  pilkrs,  and  of  two  similar  pillars  posteriorly;  the  middle 

on  called  the  body  consists  of  the  parts  of  the  two  pillars  which  ar© 

together  in  the  middle  line.     The  body  of  the  fornix  is  triangular 

broad  and  fiat  beliin<l,  where  it  is  connected  with  tlie  corpus 

,  and  narrow  in  front  where  it  is  connected  to  the  septum  luci- 

Tlie  anterior  pillars  pskss  downward,  separated  from  one  another 

r  side  of  the  third  ventricle  in  front  of  the  foramen,  hy  which 

.  lateml  communicates  with  the  third  ventricle,  called  the  foramen 

Vonro:  eacli  pillar  then  passes  forward  and  dow^i,  and  twisting  upon 

U  fumoa  the  carpus  albicamy  and  then  passes  in  part  to  join  the  optio 


\  shape. 


t?ither 


FIb:-  355,— Disa^<:i^i«>"  of  hraiti,  fnmi  alxiv**,  t^xiiusin*:  Mw  liiteral  foiirtli  atir]  fifth  rtm 
with  tlie  riurruuiirliiiK  pwri,'*.     Lv     ti,  Anterifir  parr,  or  f/enu  uf  forptis  cnlktctuin:  ft,  i*orpt4il 
turn;  f'',  tilt*  n^rimi*  i^lrijitiim  ^il'  left  stfl«i,  diHsivkil  m*  ns  to  i*xpM>H»^  lis  f*riv  ^>.i.^»  ......      | 

by  a  lino  to  thi«  trptiiii  wnnknrcitlaris;  tt,  ojitk*  itmluiniis:  e.  i«il*'rji»r  i»il]  r 

b(i»l(>w  llit-y  urc  f4*^^n  tl«^>*c'«'inVinK  in  front  of  tlj<'  thml  wytrkU*,  nml  l>»'t\v*' 

the  ant^Tior  t'oinniisHnrt*;  in  fnmt  of  t\w  h*tU*r  *■  In  htvn  tho  dit  liki'  tlfUi 

twolaiiiJnit'  of  th*"  wi-iituni  lurntiini:  /,  ^^tt  or  middle^  ci>tiintls*iiirv';  y  is  i  , 

port  of  th<*  Ifiinl  vtHstriik-;  inicni*diattfly  IM-Ulml  tlip    liittt^r  an*  the  iHitHi 

▼iHtbl**)  and  tlio  [tineid  ^jlan^i,  tht'  two  cjaira  of  whk'h  i'5<lf»iid  for\*ar«jl  nl. 

ptT  niarKJUH  of  ihf  oplk'  Umliurii :  h  and  i\  thf  L»ori>oini  qna4)rj^'»nnnA:  k 

ftellntiK  i*lo«*'  to  k  Is  the  valvt-  of  Vi«*ni<*i*^ijH,  which  Iwk*   1h»'1i  dividrtl  »n  ;i  , 

vr^ntrii'le;  ;,  hip|M»cftin|i'ns  majrir  iin*\  ctvr|Hi.s  nmbHutmiit  *>r  t»>nia  liipjMX"*ij.,j  , .  ,,,    n,,,,^.^ 

minor:  «,  eniinontift  eollal^'mlis:  u,  f<njrtli  vcntHrlo;  />,  |Ki«t< rk^r  siirTi*cv  of  m{>«iuiU  nbln| 

r.  iwx tlon  of  rfrt4>f*lluni;  k.  npixT  THxrt  of  h*ft  lu'iJiiKnliert'  of  i-»»rehetlu.m  expoafd  by  then! 

of  part  of  the  powterlor  cerebral  IoIm*,     (Hir8chflL«ld  and  Levelll^. ; 

guartum  ventriculum,  or  aqueduct  of  Sylvius,  passes  th  rough  the] 
portion  of  the  bniin  called  the  mid-brain.  This  part  is  corea-d  ii 
two  pairs  of  uerve-rrauixliji,  the  ant-erior  aod  ih^^  posterior  corpora  i 
drigemiuaj  and  the  floor  is  formed  hy  the  crura  cerebri.  The  aqii«( 
of  Sylvius  opens  at  the  upper  angjle  of  a  lozenge-shapod  cavity» 
fourth  ventricle,  which  is  sitnated  od  the  florsal  aspect  of  the  pons 
bulb.     The  fourth  ventricle  liuB  no  roof  of  its  owa  beyond  u  l»y< 
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epithelium,  but  it  is  covered  in  by  the  cerel>filluin,  the  superior  peduD- 
eim  of  which,  converging  forward,  form  its  anterior  limits,  and  the 
inferior  peduncles  form  its  posterior  boundaries  on  either  side. 

The  lateral,  third  and  fourth  ventricles  comniunicutc,  and  through 
the  last  with  the  central  canal  of  the  spinal  cord.  They  are  all  lined 
with  columnar  ciliated  epithelium,  beneath  which  is  a  development  of 
neuroglia*  This  lining  so  furmed  is  called  the  epimd^rfm  of  the  ven- 
tricles. Where  the  8Ui>erior  peduncles  of  the  cerebelhim  are  approach- 
ing each  other  at  the  upper  part  of  the  fourth  ventricle,  the  interval 
^  between  them  is  bridged  over  by  a  thin  layer  of  gray  matter  called  the 
[valve  of  Vieussens. 

The  portions  of  the  central  nervous  system  are  thus  classified: — 
(i.)   Cerebral  hemispheres  with  the  corpora  striata,  developed  from 
be  cerebral  vesicles — and  enclosing  the  lateral  ventricles, 

(ii.)   Fore-brain,  formed  of  the  parts,  including  the  optic  thalami, 
rbich   inclose  the  third  ventricle. 

(iii.)  Mid'bmiuy  consisting  of  the  parte  inclosing  the  aqueduct  of 


\-^ 


\Wi^  856 — ^Plao  Id  outUne  of  the  eocephftlon,,  as  seen  from  the  rf|cbt  Hide,  %.  The  partfi  ar© 
^  nted  OS  aeparated  from  oae  another  t^nmewhat  mon?  thaii  natural,  so  a«  to  Rhyw-  their 
fofi«.  A,  Cerebrum;  f.q.h,  its  aiitorior,  ijiiriiUp,  and  posterior  loh*^;  f,  flssur*?  of  Hyl- 
._  ,  B,  cerebellum;  0,  pons  voroUi;  0»  nitnliiUa  ohlonjiatJi;  a,  pedunelea  of  the  c«*rebrum; 
,  c  d,  miperior,  middle,  and  inferior  peduncles  of  the  eerebeUtmi.     (From  Quain.) 

3ylvius,  viz.,  the  corpora  quadrigeniina,  which  form  the  roof,  and  the 
ira  cerebri  which  form  the  floor. 
(iv.)  Hind-bmin^  the  pons  Varolii  and  the  cerebellum  form  reepec- 
dj  the  floor  and  roof  of  the  fore-part  of  the  hind-brain,  and  the  bulb 
s  floor  of  the  back  part  of  the  hind-brain,  the  rool  being  practically 
nnt* 


Fi^.  957.— View  of  the  CorpitH  Calloi^iirn  rrorii  aboTe.     |^.^Tb<?!  upper  mtfftMSS  Of  Ifett 
ci&llo«:um  haa  be*(i  hllily  expow-Ki  by  si'imrininir  tin*  wn^bral  homMptun  s  ad<t  tltreirflS^ 
^e  side;  th«  Kyrun  fornicfttus  hits  bwn  tlt'titchtttl.  ami  ilu^  t 
Mm  tracwl  for  Hotiit*  tliHtAnc<^  into  the  t_>*n'bral  nK*<lullftry 
cxirpus  cttllowiini;  *4,  iiie^Hiin   furrow  or  rftpln*:    3.  lon^'^iVii 
■welling  formed  by  Hit*  Irn.nsverMi'^  bnnclst  cw  tbt»y  jmss  in*- 
or  knee  of  tht^  L-orfHis  c'AlbiNijiii :  rt,  pcwlorior  i*xtrt*miry ;  T. 
ulAas  of  flbn'rt  pr<x^.HMliii)if  from  Ibf  LHirjitlit  calbwuui ;  i>^  tiuti 

of  the  oonvohiiioD  of  ihe  etirpun  cuIIohuiii;  11,  hem  or  bam  I  •>(  iitiimi  of  tlus  conrolutioii;  \^ 
temal  coDvoltitionn  of  t.h«  jiarieiAl  lobe;  18,  upper  surface  of  the  oensbeUuto.  (Bappeyd 
Fovllto.  > 

canal,  and  these  consist  of  fore-,  mid-,  and  hiud-brain.  From  the  fol 
brain  there  ia  first  of  a!l  budded  off  on  either  side  a  new  ve-sicle,  i 
optic  vesicle  from  which  is  developed  the  optic  nerve  and  retina,  afl 
afterward  a  large  vesicle,  the  cerebral  vesicle,  which  ^ows  rapiiH 
becomes  divided  by  a  central  partition  into  two,  each  of  which  incl 
the  lateral  ventricle.  The  cerebral  vesicles  grow  so  quicklv  as  to  col! 
both  the  fore-  and  the  mid-brain.  The  parts  of  which  the  fore-,  mitt 
and  hind-brains  are  made  up  are  developed  from  the  correBponding  M 
bral  vesicles. 

It  will  be  as  well  here  to  indicate  briefly  the  structure  of  the  brail 
It  couBists  of  white  and  gray  matter  differently  arranged  iu  differi 
diBtriets. 
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Distribution  of  the  Gray  Matter, 

(i.)  In  the  hulb^  at  the  lower  part  the  distribution  of  gray  matter  fol- 
>WR  that  which  prevails  in  the  cord.  Higher  up  the  chief  part  is  found 
>mfd  the  posterior  or  dorsal  aspect,  surrounding  the  central  canal, 
rien  the  central  canal  opens  out  into  the  fourth  ventricle  the  gray 
atter  comes  to  that  surface  chiefly,  and  ia  found  to  consist  more  par- 
cularlj,  on  either  side,  of  the  nuclei  of  origin  of  the  cranial  nervea, 
2.,  the  12th,  11th,  10th,  Dth,  and  8th,  and  more  externally  of  the 
icleus  gracilis  and  nucleus  cuneatus  O*.*/.,  wx.,  figs.  301,  3**2).  In 
Idition  to  these  masses  of  gray  matter,  there  are  the  olimtry  bodies  (o, 
^  3C1,  362)  toward  the  ventral  surface  with  the  accesmry  olives  {o'), 
Ld  the  external  arvuate  {n.ar.  in  figs.)  nuclei,  placed  at  the  tip  of  the 
iterior  fissure  on  either  side  on  the  ventral  surface  of  the  anterior 
^Tamids. 

(ii.)  In  the  pons  VaroHL~ln  addition  to  the  origins  of  nerves  in 
€  floor  of  the  fourth  veotricle  on  the  dorsal  aspect  of  the  pons,  viz., 
the  7th,  lith,  and  5th  nerves,  there  are  several  masses  of  gray  matter, 
2.,  in  the  back  part,  the  superior  uHve  {^g,  362),  and  in  the  front 
Hi  the  hcus  cmrulem^  as  well  as  small  amounts  of  the  same  material 
lixed  with  fibres  in  the  more  ventral  surface. 

(iii.)  In  the  mid-brain,  the  gray  matter  preponderates  in  the  optic 
b/rtmt,  corjmra  tiuffdngemimf^  and  corpora  geniculaia.  It  is  also  found 
iirrounding  the  aqueduct  of  Sylvius,  and  in  other  parts  of  the  crura, 
lotahly  such  masses  as  the  red  nudeus  (fig.  36S),  locus  nigcr  (fig.  365). 

(iv.)  In  the  cerebral  hemiHpheres^  the  cerebral  cortex  is  made  up  of 
nj  matter  which  incloses  white  matter,  and  the  corpus  striatum  is 
ude  up  more  or  less  of  the  same  material. 

(v.)  In  the  cerebellum^  the  gray  matter  forms  the  incasing  mater iaL 
1  the  interior  too  there  are  masses  of  gray  matter  forming  the  corpora 
miata. 

This  then  roughly  indicates  the  localities  in  which  gray  matter  ia 
Bud;  the  arrangement  of  the  fibres  and  their  relationship  to  the  gray 
itter  will  be  dealt  with  later  on. 

Wjf  The  BuLn  or  Medulla  Oblongata. 

The  medulla  oblongata  (figs.  358,  359),  is  a  column  of  gray  and 
lite  matter  formed  by  the  prolongation  upward  of  the  spinal  cord  and 
meeting  it  with  the  brain. 

Simcture.*— The  gray  substance  which  it  contains  is  situated  in  the 
ierior  and  variously  divided  into  masses  and  laminte  by  the  white  or 
roufl  snbstance  which  is  arranged  partly  in  external  columns,  and 
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piirtly  in  fflsciculi  traversing  the  central  gray  matter.  The  meduUi; 
oblongata  is  hirger  than  iioy  part  of  the  spinal  cord.  Its  colamni  m 
pyriform,  enlarging  as  they  proceed  toward  the  brain,  and  are  coatinu^ 
OU8  with  those  of  tUa  spinal  cord.  Each  half  of  tht?  medulla,  therefore, 
may  be  divided  into  three  columns  or  tracts  of  fibres,  continuouB  wid 
the  three  tracts  of  which  each  half  of  the  sjiinal  cord  is  made  up,— tlj 
coluninfi  more  prominent  than  those  of  tlie  spinal  cord,  and  separ^tl 
from  eiich  other  by  deeper  grooves.  The  anterior,  continuous  with  tl 
anterior  columns  of  the  cord,  are  called  the  anterior  pyramids^  and  % 


¥\^,  3S0. 


FIk.  3!W.  -  Vi.»rftml  or  nntf^rior  nurfaco  of  th#  pona  VawUl,  And  meduna  oblonfcatA.    a, 
terior  pyramids:  b.  tlu*ir  di^Miftsalion ;  r,  c%  olivnrv  tuxlips;  d,  d.  restiforin  bodies;  «,  *n 

flbre«t;  /,  tibivs  pmHsini;  from  thcftut^rior  uotuiim  of  tb*^  coni  U»  tii«*  cerebeUum ;  g^  anterii 

umti  *>f  the  lipitial  cord;  A,  l&t«ml  enlunm;  p,  x>ons  Varolii;  t.  its  upper  fibres;  5,  &,  roote  ^ 
fifth  pair  of  ii»*rvei4 

rl^>  350.  —  norsal  or  [NitiU^rior  mirfaci*  of  fli»»  |Kifi»  Varolii,  corpora  quail riccmitm,  ti^^j 
duUa  oblornrata  TIm-  ji^MlMnclcsi  of  tlip»  oei\'lx4lutn  i\rv  cut  short  at  the  »ide,  a,  a,  tbe  q| 
p^ir  of  corj^ttni  «|tiadrlu(utilna;  b,  h,  thf  lowvr; /,  /,  miiMTior  pt^luucl^  of  the  cerebelltcni 
emlaeDce  conntHt+il  wilhtht>  tiuclwus  at  tlw  hvpof^lrifwal  oervo;  <■,  that  of  the  |i^loa»o-pbuinii 
nervf";  i,,  thai  of  the  va^UN  n*»rv**;  d,  d,  restiform  iKxlies;  p,  tj,  piisterior  pyramids;  r,  c.  prol 
tn  tho  mitidh*  nt  the  ftjiirtli  vvntrieli?,  i;tidli)j(  below  io  tine  caliULiJiis  scriptorlus;  7^  7,  nwte  ottA 
Auditory  iiervt?^. 

postero- median  and  postero-external  columns  are  also  represented  attirt 
posterior  or  dorsal  aspect  of  the  cord  as  the  faM'icul us  gracilis  wnd  thi 
fasciculus  aiHeaius.  Tiie  posterior  pyramids  of  the  medulla  which  \^ 
elude  these  two  columns  of  white  matter  soon  become  much  increaeei 
in  width  by  the  addition  of  a  new  column  of  white  matter  outside  ihl 
other  two  which  is  kuowia  as  the  fascicHlm  of  Rolando.  The  lateral  col 
umns  of  the  cord  undergo  considerable  change  and  are  scarcely  reprt 
aented  as  such  in  tho  bulb. 

It  may  be  Baid  then  that  the  bulb  at  its  commencement  differs  on 
slightly  in  size  from  the  cord  with  which  it  is  contineous.     It  soj 
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omea  larger  both  laterally  aod  antero-posteriorly,  and  after  a  time 

iout  on  the  dorsal  surface  into  a  space  which  is  ktiowii  aa  the  fourth 

utricle,  aiul  from  being  a  cyH tuler  with  a  central  canal,  it  m  flattened 

bton  one  surface  by  the  gradual  approach  of  the  central  canal  to  that 


9(10.  — Darjukl  ot  powterior  view  nf  litp  itkhIuIIiv,  fourth  Tentricli\  audi  mesenceptaiAloQ 

It  »i2«),   p, n.,  Une  of  tlw  (Xistt^rior  roolj*  of  tliv  »|jinal  rn^rvt?H;  p.nt./. ,  pcetterior  medCiJi 

t;f*g.,    faulculus  jfracillH;   cL^   ILh  t-lava;  /  r„    finralciiluH  cuTKi^aius:  /,  ft, ,  funiculus  of 

'**  r.t,^  restiform  body;  r.#, ,  calamus  scHptorius:  /,  8«K:Uot]  rtf  Ug^ula  or  tffiDfa;  part  of 

B*^  pl«5XTi9  la  seen  bt*DeAtn  it;  Lr. ,  liil*!ral  tvoam  of  the  ventricle;  »tr.^  »triie  ftcuAtlciP:  if., 

^of  toaaa;  #./.,  pc^terior  fo{«4a;  bi*tw<y?n  tt  and  the  median  ftuleoij  In  the  faHcIcultiM  ter**; 

^    cot  Biutncv  of  thp  ctirHl>t'liar  hfiiUH.|ihfirp;  nd.,  oemtral  or  gray  ritatter:  «.  ni.i\,  superior 

^Bdin.»||^y  vdutu ;    hig.,  ll|nila;  h.c.ik,  Hup'rlor   tM.*relM^llar  (WHiuncIt*  cut   lon^ltudinaUy ;    rr,» 

4fllliW**I  section  of  the  vnnH*  cen^M^llar  twHhititlt-w ;  f.«.j»  ,,  c.  g,  j„  corpora  quadriiremiaA  («U' 

Mfior  tod  infCTior); /r, ,  fru-milum; /. ,  fll tnw  of  the  tlUet  s»***ii  on  thi*  Hiirfocii  of  tne  tt'fTTtieii- 

lom'^  <^  •  cnisti :  f.  gr. .  lat<<ral  jfroov**;  r.pi-,  L\j.rpii«  gtenleulum  int^riius;   th.^  ptJrtterior  p»rt  of 

*ii*oin»;  P.,  pineal  body.      Tb«  Roman  numltMrs  iiidicat<i  the  corrt'iiponilinif  cranial  nerves. 

» A,  Schilfer.  > 


■rfaoe.    The  central  canal  of  the  cord,  therefore,  is  directly  continuous 
iih  the  fourth  ventricle. 

If  the  bulb  he  examined  on  its  anterior  or  ventral  surface  it  is  found 

it  the  anterior  fiissure,  whicli  is  a  continuation  of  the  same  fissure  in 

cord,  is  occupied  at  the  most  posterior  part  by  fibres  which  are 

sing  from  one  side  to  the  other;  the  central  canal  being  pushed  now 

Simrd  tlu'  posterior  surface.     This  is  what  is  known  as  the  antermr 

\tkms»atmi  of  tlic  medidhi  oblongata.      It  is  formed  of  the  fibres  which 

I  in  the  cord  occupy  the  [Kistcro-hiteral  region  and  are  called  the  crossed 

frTTamidal  fibres.     The  hiteral  pyramidal  tilFres  of  either  side  after  cross- 

Dg  in  the  middle  line  iu  tliis  way  l>ecome  part  of  the  anterior  pyramid 
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of  the  opposite  side ;  the  rest  of  the  pyramid  being  made  up  of  the  fibres 
from  the  anterior  column  of  the  cord  known  as  the  direct  or  uncroeaed 
pyramidal  fibres.  These  two  pyramidal  strands  of  fibres  are  those  which 
degenerate  on  lesions  of  certain  parts  of  the  cerebrum  which  are  known 
as  the  motor  areas  of  the  cortex.  They  can  therefore  be  traced  downward 
on  such  lesions  as  tracts  of  degeneration.  They  are  the  fibres  of  commu- 
nication between  the  cerebral  cortex  and  the  different  segments  of  the 
spinal  cord.  The  anterior  pyramids  of  the  bulb  are  marked  out  by  the 
exit  from  that  part  of  the  nervous  axis  to  the  outside  of  them,  of  a 
nerve,  the  12th  or  hypoglossal.  More  laterally  than  this  nerve,  there 
soon  becomes  very  prominent  on  either  side  a  rounded  elevation  or  col- 
umn which  is  known  as  the  olivary  body.  It  is  not  seen  at  the  b^in- 
ning  of  the  bulb  at  its  junction  with  the  cord,  but  begins  at  a  lower 
level  than  the  opening  of  the  fourth  ventricle.  On  the  further  side  of 
the  olivary  body  is  seen  the  line  of  origin  of  fibres  of  the  11th,  10th,  and 
9th  nerves,  and  from  this  to  the  posterior  fissure  is  the  posterior  pyramid. 

The  whole  of  that  part  of  the  medulla  which  is  situated  laterally 
between  the  olivary  body  and  the  posterior  fissure  is  known  as  the  resti- 
form  body;  it  is  continued  forward  on  either  side  as  the  inferior  peduncle 
of  the  cerebellum. 

The  changes  which  are  noticed  by  the  study  of  series  of  sections  of 
the  bulb  from  below  upward  may  be  summarized  thus:    In  the  dorsal  or 
posterior  region,  the  posterior  cornua  are  pushed  more  to  each  side,  and 
the  substance  of  Rolando  is  increased  and  becomes  rounded,  reaching 
almost  to  the  surface  of  the  bulb  on  each  side,  a  small  tract  of  longitO' 
dinal  fibres  of  the  ascending  root  of  the  5th  nerve  only  intervening. 
There  is  a  great  increase  of  the  reticular  formation  around  the  central 
canal,  and  tlie  lateral  approaches  the  anterior  cornu.     Then  at  the  ven- 
tral or  anterior  aspect  the  decussation  of  the  lateral  fibres  begins.    Bj 
this  crossing  over  of  the  fibres,  the  tip  of  the  gray  anterior  cornu  is  cat 
off  from  the  rest  of  the  gray  matter.     The  central  canal  is  pushed  further 
toward  the  posterior  surface,  first  of  all  by  the  decussation  of  the  anterior 
pyramids  just  mentioned,  and  later  on,  i.<?.,  above,  by  another  decns» 
tion  of  fibres  more  dorsal.     These  fibres  of  the  second  decussation  ai 
they  cross  form  a  median  raphe  and  also  help  to  break  up  the  remaining 
gray  matter  into  what  is  called  a  reftciilnr  formation.     There  has  been 
some  little  doubt  as  to  the  origin  of  these  descussating  fibres,  but  the 
best  authorities  now  consider  them  to  l)e,  at  any  rate  in  part,  thefibwi 
from  the  nuclei  of  the  fjisciculus  gracilis  and  fasciculus  cuneatns  of 
either  side,  and  look  upon  them  as  a  sensory  decussation.     At  the  poi»* 
terior  part  soon  there  appear  in  the  columns  of  white  matter  of  the 
fasciculus  gracilis  and  fasciculus  cuneatus  new  masses  of  gray  matter. 
The  lateral  norn  approaches  the  anterior ;  but  soon  the  latter  is  pushed 
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tiler  and  further  toward  tlio  centre,  while  the  lateral  horn  remains 
nea^r  tlie  late  nil  surf  ace.  The  uiiterior  gray  matter  LecoDies  broken  up 
and  merged  into  the  reticular  formation.  There  is  also  a  similar  reticu- 
lar formation  both  toward  the  centre  and  also  laterally  in  the  dorsal 
r^ion.  At  the  level  where  the  central  canal  opens  into  the  4tb  ventri- 
cle, tlie  posterior  pyramids  diverging  to  form  the  lower  and  outside 
boundaries^  and  inclosing  a  space,  the  calamus  scriptorius,  between 
theni,  there  are  to  l>e  Tnade  out  various  masses  of  gray  matter  in  addi- 
tioii  to  the  reticular  formation,  viz.,  the  nuclei  of  the  fasciculus  gracilis 
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Fiif*  8S1^ — Anterior  or  dorsal  net^timi  of  t\w  rneflulla  oblonpntji  fn  thf^  re^on  of  th<*  superior 
pyr&uiidAl  dectiaafttloQ.  o,  *«./,,  nnteritvr  tiuHlian  flKsun*;  /.  »r.  superficial  arelform  H^res 
igni,.r  '  •■"'  f"-rimi  the  Assure;  pH,  pyrrtuiidt  u.at  ,  uutlei  t»f  areiforni  ilbri*fi;  /. a.,  dl*x^p  ftrtifunn 
t^  i'^rflcioi;  ti,  lowvr  ent\  of  olivary  nwli^uw;   nJ,.  uuck'us  lati^raliJH:  /.r:,  fiirniatio 

f»<;  a,',  arciform  llbn-s  nnM.'i.H'ilinp  from  th»>  fornuttiu  retlciilari«;  p.,  »ut)HUiulia  *ct^- 

likUi...^.  .  :.ulaLido;  a.  T.,  niifeaiUu^  root  of  llflli  ncrvt';  n.c  nurU-us  cuut'atu.i;  n.c.*^  exlernal 
CBlieat«  nucleus:  «.;/.*  uuclous  jfnicilis;  f,i;„  funiculus  j^ociliK;  p.m.f.^  pK>st«rlor  median  fls- 
■ffe;  cc.,  central  cknnl  Hurrfitmded  hv  gmy  iuatr**r,  iu  which  art*  n.XL,  nucleus  of  Uit^  Kpin&l 
II I HM II J  .  luid  n.XlI.^  uucloua  of  the  b^poglotiaal;  n.d.,  superior  pyramidal  decnu^sation, 
CHodill^  from  SeliwalbeJ 


and  faacicuhis  cuneatus  (3G1,  n,g.  and  fLc.)^  which  are  at  this  level, 

however^  already  diminishing  and  are  lost  at  a  level  of  the  pons  Varolii. 

The  olivary  bodies  extend  forward  ahnost  to  the  level  of  tlie  pons. 

iey  consist  of  gray  and  white  matter.     The  gray  matter  consiats  of  a 

i  edited  thinnish  strand  containing  small  nerve- eel  la,  folded  upon  itself 

the  form  of  a  loop^  with  the  ends   turned  inward  and  slightly  dorsal 

fig,  362,  o).     The  gray  loop  is  filled  with  and  covered  by  white  matter, 

rt  of  the  fibres  passing  through  the  gray. 

Internal  to  the  olivary  body  on  either  side  are  two  small  masses  of 

^y  matter,  one  more  ventral  to  the  other,  called  accessory  olives,  ex- 

.^^r-^tia]  and  internal,  and  on  the  surface  of  the  anterior  pyramid  on  either 
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side  a  amaU  maaa  of  gray  matter,  external  arcaate  nucleus;  lat< 
another  mass  of  the  siune  material,  the  representative  of  the  latenilJ 
cleiia  of  the  cord,  is  seen,  viz.,  the  antero-lateral  nucleus,  which  gin 
origin  to  the  spinal  aocessory  nerve. 

It  will  he  necessary  to  follow  as  shortly  as  possible  the  fibres  of  tto^ 
spinal  cord  upward  into  the  bulh  and  lx\vond : — 

The  crossed  and  direct  pyramidal  traots  have  already  been  descri^i 
Nothing  definite  is  known  of  the  antero-lateral  descending  tracts, 
cerebellar  tracts  pass  laterally  into  the  restiform  bodies  and  go  to  ib 
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FIr.  963.  — f)e«tlon  «f  th«?  mcwtuUa  ohlotiK^alLa  at  aW»nt  the  midtllo  of  Lh<*  oliTary  bodf, 
antarior  medfan  f)i»ure;  ii.fir. ,  tnicleuH  arelfoniiiH;  p.,  pymmki;  Xll.,  buudle  of  hj-p, 
nerve  emert^inj^  from  th**  mirfaoo;  at  K  it  is  m^^n  coursing  lit*twt*»*n  the  pyramid  ami  the 
iiiic1«>us,  o.  ;  y.d.r. ,  i'iixt4»nial  art! if orni  flhrt*H;  u.l.,  tiiii'leii**  lAtt^ralin:  ci,,  nrt'iform  flbMV 
t()waril  re«tlfortii  hmiy,  partly  through  tliti  f^uliHtnntla  icclntinrit^a,  <;„  yn 
Aftcfi'ncIlD^  root  of  thi"  flfth  ii**rve,  cj,  T. :  A',  lnumilt?  nf  vuj^us  rot>t  om*»r(^in|r 

eiro 


uLarlHi   tr.r.,  e«jr|jii»  rvHliforni,  l>pgintiinM;   t<'  '«'  fomi*sj,  fhif^rty  by  areiforru   abrets,  i 
ami  deep;  n.r.,  nycleiiH  imneatUA;  n.g.,  mirltnm^aciltH;  f,  attachment  of   thfi  lifniLi; 
cuLuH  »olItariu»:  n.X,  n,X.\  two  fwirtw  of  ttu*  vfKpiiH  nudensi;  n. -Y//.  +  hypojcloaaii  niK 
nucleus  of  the  funfeulutt    teres;  n.ant.,  nuclt^uj*  amhiifiius;  r.,  raphe;  A     cofiUnoaUahr-v 
anterir>r  column  of  cord;  o%  o'^  tkooetmory  otivary  Ducieuii;  p.o.y  peduttculus  oUtit.    (Um 
from  Schwiilb*', ) 


cereheUum,  The  antero-lateral  ascending  tracts  appear  to  hare 
same  destination  and  pass  directly  or  indirectly  into  the  cerebeilan 
The  fibres  of  the  postero-mediaii  and  postero-external  columns  endi 
the  nncloi  of  tlie  ftisciciiUis  gracilis  and  euncatiis  respectively,  either! 
or  alxint  the  cells  conttiimid  in  those  nuclei ;  at  any  rate,  ascending  ( 
generation  of  these  columns  cannot  be  traced  above  these  nuclei. 

The  rest  of  the  fibres  of  the  cord  appear  to  end  in  the  reticular  fo^ 
mation  of  the  bulk     The  bundle  of  fibres  constituting  the  ascend' 
root  of  the  5th  nerve  appears  to  correspond  with  the  tract  of  Ussauer 

Conneciious  of  the  bulb  iinih  the  cerebrum  and  cerebellum. — In  additij 
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le  pyramidal  tracts  eoimceting  tlie  bulb  with  the  cerebruin  and  the 
liftect  cerebellar  uiid  the  antero-lateral  ascending  tract  connecting  it 
^tli«  cerebeUum,  there  are  other  connections  of  the  bnlb  with  the 
W^rojn,  and  witli  tlio  cerebellum,  not  actnally  direct. 
(L)  Fibre^i  from  the  nucleus  gracilis  and  nucleus  cuneatus,  which, 
wn  have  said,  are  the  bulbar  endings  of  the  fibres  of  the  poatero- 
ledian  and  jmstero-external  columns  of  the  cord,  pass  in  sets  as  it  were 
tlie  following  manner:— 
H||i;)  Internal  areuah  fibres. — Some  pass  down  and  inward  to  the  other 
win  the  reticular  formation,  forming  in  part  the  superior  or  sensory 
Icnssation,  and  iu  the  intcr-oiivary  region  become  longitudinal  in  a 
Dd  of  fibres  called  the///*?/!,  which  passes  upward.  These  fibres  are 
Dbably  augmented  by  the  addition  of  fibres  front  the  anterior  columns 
the  cord, 

(ft,)  External  arcuate   fibres  also  decussate   in  the  same  way,  pass 

along  the  anterior  fissure,  ami  then  running  outward  superficially 

It  the  anterior  pyramid  and  olivary  body,  reach   the  restiforra  body 

to  the  side  of  the  cerebellum  opposite  to  their  nuclei  of  origin. 

lese  fibres  appear  to  have  some  relation  with  the  external  arcuate  nu- 

\\.     They  coiineet  one  Hide  of  tlie  sjdual  cord  with  the  opposite  side  of 

ceretiellnm  through  the  gracile  and  cuneate  nuclei. 

(r.)    Direi't  late ntl  fibres  pass  to  the  restiform  body  and  so  to  the  same 

^  of  the  eerebelknu, 

(2.)  Fibres  frma  the  olivary  bodif  pass  to  the  opposite  side  of  the 
(iebelltiin  probably  through  the  reticular  formation. 
(S.)   ArriformfibrcJi.— Fibres  from  the  nucleus  of  the  8th  or  auditory 
in  the  floor  of  the  4th  ventricle,  pass  to  the  same  side  of  the  cere- 

FUNCnONS  OF  TRR    BtLB   OR   MeDULLA   OBLONGATA. 

The  functions  of  the  bulb  are  those  of,  (a,)  conduction;   {^.)  reflex 

tion;  and  (f\)  automatism. 
(a,)  Co7iductimi,^-AB  a  conductor  of  impressions,  the  medulla  oblon- 

ta  has  a  wider  extent  of  function  than  any  other  part  of  the  nervous 

ton,  since  it  is  olwious  that  alt   impressions  passing  to  and  fro  be- 
en the  brain  and  the  spinal  cord  must  be  transmitted  through  it. 
{b,)    Reflex  AeliotL — As  a  nerve  centre  by  which   impressions  are 

^edj  the  nieduHa  oblongata  also  resembles  the  spinal  cord;  the  only 
rence  between  them  consisting  of  the  fact  that  many  of  the  reflex 

lions  performed  by  the  former  are  much  more  complicated  than  any 

(fonned  by  the  spinal  cord. 

has  been  proved  by  repeated  experiments  on  the  lower  animals 
entire  brain  may  be  gradtuilly  cut  away  in  successive  portions, 


594  HANDBOOK  OP  PHY8I0L0GT. 

and  yet  life  may  continue  for  a  considerable  time,  and  the  reBplr 
movements  be  uninterrupted.  Life  may  also  continue  when  the  ( 
cord  is  cut  away  in  successive  portions  from  below  upward  as  hi 
the  point  of  origin  of  the  phrenic  nerve.  In  amphibia,  the  bra 
been  all  removed  from  above,  and  the  cord,  as  far  as  the  medulla 
gata,  from  below;  and  so  long  as  the  medulla  oblongata  was 
respiration  and  life  were  maintained.  But  if,  in  any  animal,  H 
dulla  oblongata  is  wounded,  particularly  if  it  is  wounded  in  its 
part,  opposite  the  origin  of  the  vagi,  the  respiratory  movement 
and  the  animal  dies  asphyxiated.  And  this  effect  ensues  even  ¥ 
parts  of  the  nervous  system,  except  the  medulla  oblongata,  are  left 
Injury  and  disease  in  men  prove  the  same  as  these  experim* 
animals.  Numerous  instances  are  recorded  in  which  injury  to 
dulla  oblongata  has  produced  instantaneous  death;  and,  indeet 
through  injury  of  it,  or  of  the  part  of  the  cord  connecting  it  v 
origin  of  the  phrenic  nerve,  that  death  is  commonly  produced 
tures  attended  by  sudden  displacement  of  the  upper  cervical  vert 

Special  Centres. 

In  the  medulla  are  contained  a  considerable  number  of  centre 
preside  over  many  important  and  complicated  co-ordinated  mo^ 
of  muscles.  Tlu>  majority  of  these  centres  are  (a.)  reflex  centres 
which  are  stimulated  by  atlorent  or  by  voluntary  impressions,  i 
them  are  (b.)  automatic  centres^  being  capable  of  sending  out 
impulses,  generally  rhythmical,  without  previous  stimulation  by  i 
or  by  voluntary  impressions.  The  automatic  centres  are,  howevc 
erally  influenced  by  reflex  or  by  voluntary  impulses.  Some  agaii 
centres,  whether  reflex  or  automatic,  are  (f.)  control  centres^  by 
subsidiary  spinal  centres  are  governed.  Finally  the  action  of  som 
centres  is  {d.)  ionic^  i.e.,  they  exercise  their  influence  either  din 
tiirough  another  apparatus,  continuously  and  uninterruptedly  ii 
taining  a  regular  action. 

Simple  Reflex  centres. 

(I.)  Bilateral  centres  for  the  co-ordinated  movements  of  Mad 
the  afferent  and  efferent  nerves  of  which  have  been  already  enur 
(p.  326). 

(2.)  Bilateral  centres  for  the  movements  of  Deglutitiori,  The  i 
oblongata  appears  to  contain  the  centre  whence  are  derived  th( 
impulses  enabling  the  nuisclos  of  the  })alate,  pharynx,  and  oesoph 
produce  the  successive  co-ordinate  and  adapted  movements  neces 
the  act  of  deglutition  (p.  353).  This  is  proved  by  the  persist 
swallowing  in  some  of  the  lower  animals  after  destruction  of  the  c 
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^migpheres  and  cerebellum  j  its  existeiiCG  in  anenceplmlous  monsters; 
? power  of  swiillowing  possessed  by  tho  marsupial  embryo  before  the 
liu  is  developiHl;  and  by  the  complete  arrest  of  the  power  of  swullow- 
'  when  the  medulla  oblongata  is  injured  in  ex:perimeuts. 
(3.)   Bilatora!   centres    for    the   combined    mnsenlar   movements    of 
ckifif/^  the  motor  nerves  eoneerned  being  Uki  facial  for  the  lips  and 
linth,  the  hypoglossal  for  the  tongue,  and  the  inferior  maxillary  divi- 
m  of  the  otli  for  tlie  muscles  €»f  the  jaw. 
(4,)    Bilateral  centres  for  the  Serretion  of  Saliva^  which  have  been 
ady  mentioned  {p.  X^li). 
(50   Bihiternl  centres  for  Vomifuifj  (p.  309), 

(6.)   Bilateral  eeuirca  for  Cont/hiw^,  which  are  fv^id  to  Ije  independent 
the  respiratory  centre,  being  situated  above  the  inspiratory  part  of 
ftbat  centre, 

(7.)    Bilateral  centres  for  Sneezing^  connected   no  doubt  with  the 
piratory  centre, 

(8,)   Bilateral  centres  for  the  Dilatation  of  the  pupH^  the  lib  res  from 
[which  pass  out  partly  in  the  third  nerve  and  partly  throng b   the  spinal 
[>rd  (through  the  last  two  cervical  and  two  upper  dorsal  nerves?)  into  the 
rical  syni pathetic. 
(if.)  Automatic  centres. 

(1.)   Re^iralorji  centres. — The  action  of  the  respiratory  centre  has 

en  already  discussed.     It  is  only  nee essiiry  to  repeat  here  that  althongb 

can   be  influenced   by  atTerent  iiu pulses,   it  is  also  automatic  in  its 

tion,  being  capable  of  direct  stimuhition,  jis  by  the  condition  of  the 

circulating  within  it.     It  is  also  bilaterah     It  probably  consists  of 

inspiratory  part  and  of  an  expiratory  part.     The  centre  is  capalde  of 

ing  influenced  both  reflexly  and  to  a  certain  extent  also  by  voluntary 

[>Qlses.     The  vagus  inthience  is  probably  constant  in  the  direction  of 

sulating  the  inspiratory  portion  of  tlic  centre,  whereas  the  influence 

f  the  superior  laryngeal  is  not  always  in  action,  and  is  inhibitory. 

(2.)   CartJio-hikii/iton/  centres,     Tiie  action  of  these  centre  in  main- 
lining the  proper  rbytlim  of  tbe  heart  through  the  vagus  fibres,  wluch 
linate  in  a  local  intrinsic  mechanism,  has  been  already  discngsed. 
centre  can  l>e  directly  stimuhitcil,  as  by  the  condition  of  the  blood 
ilating  \^Tthin  it,  and  also   iieiirectly  by  afferent  stimuli,  especially 
'  stimulating  the  ahrlominal  sympathetic   nerves,  hut  also  by  stimulat- 
any  sensory  nerve,  inclndiufr  the  vagus  ft^^elf. 

(;i.)  Aecekrator  cantri^A  for  tbe  heart      The  centres  from  which  arise 
I  accelerator  tibrea  of  the  heart,  in  the  medulla.     They  are  automatic 
't  not  tonic  in  action. 

(4,)    F<f?.fO'77Jo/or  centres,  which  control  the  unstriped   muscle  of  the 
beries,  are  also  situated  in  the  medulla.     Like  the  respiratory  centre^ 
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they  are  bilateral.  As  has  already  been  pointed  ont,  tbeee  centra 
be  directly  or  refletly  stimulated,  as  well  as  by  impressions  ooa' 
downward  from  the  cerebrum  to  the  medulla.  The  conditioQ  c 
blood  circulating  in  them  is  the  direct  stimulus.  Its  influenoe 
doubt  a  tonic  or  else  a  rhythmic  one.  It  is  also  supposed  that  il 
in  the  medulla  a  special  vaathdilator  centre  not  acting  tonically,  i 
lation  of  which  produces  vascular  dilatation.  The  diabetic  oei 
probably  a  part  of  the  vaso-motor  centre,  at  any  rate  stimulatioi 
causes  dilatation  of  the  vessels  of  the  liver. 

(5.)  Bilateral  chief  centres  for  the  secretion  of  Sweat  exist 
medulla.     The  centres  on  either  side  control  the  subsidiary  spina 
centres.     They  may  be  excited  unequally  so  as  to  produce  uni 
sweating.     They  are  probably  automatic  and  reflex. 

(G. )  Bilateral  Spasm  centres  are  said  to  be  present  in  the  m 
on  the  stimulation  of  which,  as  by  suddenly  produced  exoessive  v< 
of  the  blood,  general  spasms  of  the  muscles  of  the  body  are  prodn 

(c.)  Control  centres.  These  are  centres  whose  influence  i 
directed  to  controlling  the  action  of  subsidiary  centres.     They  ar 

(1.)  The  Bespiratory  centres,  which  probably  control  the  ac 
other  subordinate  centres  in  the  spinal  cord. 

(2.)  The  Cardio- Inhibitory  centres,  which  act  upon  a  local  gan 
mechanism  in  the  heart. 

(3.)  The  Accelerator  centres,  if  they  exist,  probably  act  thr 
local  mechanism  in  the  heart. 

(4.)  The  Vaso-yyiotor  centres  control  spinal  as  well  as  loca 
centres. 

(5.)  The  medullary  Sweat  centres  control  the  spinal  sweat  cen 

{d,)  Tonic  centres.  Of  tlie  centres  whose  action  is  tonic  < 
tinuous  up  to  a  certain  degree,  may  be  cited  the  vaso-motor  and  1 
diO'i7ih  ibitory. 

It  should  not  be  forgotten  that  in  the  medulla  are  the  cen 
the  special  senses,  Hearing  and  Taste^  and  that  other  special  cent 
supposed  to  be  localized  there,  of  which  may  be  mentioned  o: 
hypothetical  Inhitntory  heat  centre^  which  controls  the  proiluc 
heat  by  the  tissues,  independently  of  the  vaso-motor  centre. 

The  Cranial  Nerves. 

The  cranial  nerves  consist  of  twelve  pairs;  they  appear  to  sr 
perficial  origin)  from  the  base  of  the  brain  in  a  double  aeries, 
extends  from  the  under  surface  of  the  anterior  part  of  the  cereb 
the  lower  end  of  the  medulla  oblongata.  Traced  into  the  subst 
the  brain  and  medulla,  the  roots  of  the  nerves  are  found  to  tak( 
from  various  masses  of  gray  matter. 
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J  roots  of  the  first  or  olfiR-tory  imd  of  the  secoud  or  optic  nerves 
he  iiieDtiunetl  elikjwhere.  The  third  and  fourth  nerves  arise  from 
matter  beneath  the  corpora  quiidrigemiiia;  and  the  roots  of  origin 
le  remainder  of  the  cranial  nerves  ciin  bo  traced  to  gray  matter  in 
oor  of  the  fourth  ve utricle,  and  iu  the  more  central  part  of  the 
fla,  around  its  central  eanul,  lui  low  down  as  the  decussiition  of  the 
lids* 
^cording  to  their  several  functions  the  cranial  nerves  may  be  thus 


h 


of  Cum  n  ion  sensation 
of  motion 


of  special  sense  ,         01furb«>ry.  Op  tie,  Auditory^  fmrt  of  the 

01<»,s8n-|>liui"vugeal,    a.iid    part    of    the 
FiftlL 
Till'  ^;it';iU  r  iHjrticni  of  the  Fifth, 
Third.    Frnirth,    lesser  flivinion  of    the 
Fifth.  Sixth.  Facial,  and  H\7mp:lii6saL 
ed  nervtis       ....        Olwsti-pharyMgeal,   Vai^s,    and    Spinal 

accessory. 

e  physiology  of  tlio  First,  Second,  and  Eighth  will  be  conBidered 
he  organs  of  Special  sense. 

The  Illrd  Nerve  {Motor  Oculi). 

Ifffn^ — The  third  nerve  arises  in  three  distinct  hands  of  fibres  from 
ay  matter  surrounding  the  aqueduct  of  Sylvius  near  the  middle 
ntral  to  the  canal.     The  noclcua  of  origin  consists  of  large  multi- 


fljC 


"Otion  throuRh  ant/^rior  corpus  quadrifir<P'tTiicit]in  ancj  5»art  of  optte  tbalAmtier.  *,» 
l%ius;  gr.,  srniy  inatt^ir  of  tho  aqueduct;  r.rj.*.,  ciuaflrlfcr«*minal  t*tiiid»*nc*^:  i. , 
*ij»ci  ;  *>-.  BtratuTii  optieijiii;  €„  Rtrfthim  cinercmu;  T«.,  injlviniit*''  of  optic  thaia- 
If  c^jf,i.^  lAtt-ral  aiidl  rntHliau  corpora  Keuitiulata;  br.»,^  br.i„  sutw^rior  and  inferior 
•''fillet;  pi,  pri»t4*rior  km^ttudinal  bundle:  r,,  raph6;  /f/.,  thin!  iiiervi\  und  nUf„ 
i-  i.f^.p',  poBttrior  jwrforaterl  «pacc:  «.n..  subetantia  nifrra,  alKive  this  is  Wn'  u^^niew- 
fc^e  eircular  aivja,  of  the  rt^l  uudeiiH;  ex,,  cnista:  //.,  optic:  tract;  M.^  nit^uUary  wuLre 
Pf,c-,  nucleus  raudafus;  *^.  stria  terraiDalla.     (After  Qiiaiii,  from  Jleynert. ) 


jjgHon-celk,  and  extends  to  the  back  part  of  the  third  ventricle 
I  the  level  of  the  anterior  cor|nis  quad rigemi num.  Hie  iihres 
u  their  origin  partly  through  the  red  nocleuH  to  their  Buperlicial 
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origin  in  front  of  the  pons,  at  the  median  side  of  each  cms.    TViey  i^ 
cussato  with  their  fellt>WB  in  the  middle  raphe.     The  nerve  is  connectie^ 
with  the  optic  nerve. 

Function. — It  supplies  the  levator  palpebrse  superioris  muscle,  an* 
all  of  the  muscles  of  the  eyeball,  except  the  superior  oblique  to  whic 


3  ^ . ^ 

Fig.  864.  —Diagram  of  a  longitudinal  nection  through  the  pona«  showing  the  relation  of 
nuclei  for  the  ocular  muscles,  cq,  corpora  quadrigemina;  S,  third  nerve;  iii,  its  nucleus; 
fourth  nerve:  iv,  its  nucleus,  the  poHterior  i»art  of  the  third:  tt,  sixth  nerve.  The  proba 
position  of  the  centre  and  nerve  fibres  for  accommodation  is  shown  at  a  and  a\  for  tlie  ref 
action  of  iris,  at  6,  and  6';  for  the  external  rectus  muscles,  ate,  c*.  The  lines  beneath  i 
floor  of  the  fourth  ventricle  indicate  fibres,  which  connect  the  nuclei.     (QowerH. ) 

the  fourth  norvo  is  appropriated,  and  the  rectus  externus  which  recei^ 
the  sixth  nerve.  Through  the  inediimi  of  the  ophthalmic  or  lenticul 
ganghon,  of  which  it  forms  what  is  called  tlio  short  root,  it  also  suppli 
motor  filaments  to  the  iris  and  ciliary  muscle.  The  fibres  which  sa 
serve  the  tliree  functions,  a(»commodation,  contraction  of  the  pupil,  ai 
nerve-supply  to  the  external  ocular  muscles,  arise  from  three  distim 
groups  of  cells. 

When  the  third  nerve  is  irritated  within  the  skull,  all  those  muscli 
to  which  it  is  distributed  are  convulsed.  When  it  is  paralyzed  or  dividi 
the  following  eirects  ensue: — (1)  the  upper  eyelid  can  be  no  long* 
raised  by  the  levator  palpebrjv,  but  droops  {ptosis)  and  remains  gentl 
closed  over  the  eye,  under  the  unbalanced  influence  of  the  orbicular 
])alpebraruni,  which  is  supplied  by  the  facial  nerve:  (2)  the  eye  is  turue 
outward  aiil  downward  {e.iicrnal  sfra^)i\wius)  by  the  unbalanced  actio 
of  the  rectus  cxternus  and  superior  oblique  to  which  the  sixth  nen'e  i 
appropriated;  and  hence,  from  tlie  irregularity  of  the  axes  of  the  eya 
double  sight,  diplopia^  is  often  experienced  when  a  single  object  is  withi 
view  of  both  the  eyes:  ('^)  the  eye  cannot  he  moved  either  iijncard^  dowt 
ward^  or  inward:  (4)  the  pupil  becomes  dilated  (mydriasis):  (5)  the  ej 
cannot  accommodate  for  short  distances. 

The  IVth  Nerve  {Trochlearis) . 

Origin, — The  IVtli  nerve  arises  from  a  nucleus  consisting  of  larg 
nniltipolar  ganglion  cells  situated  below,  t.f.,  ventral  to  the  aqueducti 
of  Sylvius,  which  extends  from  the  back  part  of  the  nucleus  of  tb 
third  nerve  to  the  hind  level  of  the  posterior  corpus  quadrigeniimui 
The  fibres  from  either  side  sweep  round  the  central  gray  matter,  aii 


!FourtJb  Tentrld«  with  th**  medulla  oblon^atit  luicl  th^  eorpom  quadrigemina.  The 
r%  indicate;  sup<*rficia1  oriKliifi  of  ihc  eraDial  Dervea,  while  th«  otber  numbers  ia- 
tr  die*"!!  urlj^iiifi,  or  the  ]9-ii$iltirm  of  th«nr  ci^ntral  oiictei.  S,  H',  S",  8''\  .aiiLdit<»ry  niieiel 
,  fuijietitus  t*Tf**;  A.  B^  curpt>rn  tjiKulrijiiji'iJiiua;  t\g^  corpiw*  ii^dUvu latum;  p^c^  jhmIud- 
bri:  Ti»,  f^  p,  middle  ceivljeilur  pt^dunclo;  /»,  c,  p^  MUf>eri<jr  cercbelkir  }i«!duiirte;  *\  c,  p, 
tvbellor  p^um-ln;  /,  c,  locus  cietu1«ijs;  c,  f,  emlueatia  U»reii;  o,  r,  ulucmorea;  a,  », 
pueleu^;  o,  obex;  c,  elava;  /,  c,  tnuicuiuH  uunAAtus;  /,  g^  fimieuluii  grnketHfl. 


of  the  fourth  nerve  on  either  sidtj  is  conDocfced  with  those  of  the 
p  sixth  nerves. 

Hion^, — The*  IVth  nerve  is  exc'lusively  motor,  and  Buppliea  only 
ihlearis  or  obliquus  superior  inu&eiti  of  tho  eyebalL 


The  Vth  Nerve  (Tngeminus), 


n, — The  Vth  or  Tvigeniiiial  nerve  reeenibles,  us  already  stated, 
lal  nerves,  in  that  its  branches  are  derived  through  two  roots; 

the  larger  or  smmrf^,  in  connection  with  which  is  the  Gaaseriun 
a,  and  the  Bnialler  or  motor  root  which  has  no  ganglion,  anil 
(aases  nnder  the  ganglion  of  tlie  sensory  root  to  join  the  third 
or  division  which  ensues  from  it.  The  fibres  of  origin  of  the 
-ve  come  from  the  floor  of  the  fourth  ventricle.  Tlie  motor  root 
aside  of  the  sensory,  abotit  the  middle  of  each  lateral  half*  The 
fibres,  however,  can  be  traced  down  in  the  medulla  oblongata  as 
the  npper  |>art  of  the  cord.  From  tlie  motor  nucleus  there 
B  forward  as  far  m  the  anterior  corpus  quadrigennnum  a  bundle 
Sbres  termed  the  descending  root,  which  has  attached  to  it  sparee 
lal  nerve-cells.  It  h  also  connected  with  the  locus  eiw ulcus. 
isory  nucleus  outside  the  motor  has  connected  with  it  a  tract  of 
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fibres  from  the  oord  as  low  as  the  second  cervical  nerre,  and  ihiBfonia 
a  tract  at  the  tip  of  the  posterior  cornu,  between  it  and  the  TOBtifoni' 
body.  No  nerve  cells  are  connected  with  it.  The  roots  can  be  tnoed 
obliquely  through  the  pons  Varolii,  beneath  the  floor  of  the  front  put 
of  the  fourth  ventricle.  The  motor  root  is  in  a  position  median  to 
sensory.  The  nerve  appears  at  the  ventral  surface  of  the  pons  near  iti 
front  edge,  at  some  distance  from  the  middle  line. 

Function, — The  first  and  second  divisions  of  the  nerve,  which  ari» 
wholly  from  the  larger  root,  are  purely  sensory.  The  third  division 
being  joined,  as  before  said,  by  the  motor  root  of  the  nerve,  is  of  conm 
both  motor  and  sensory. 

(a.)  Motor. — Through  branches  of  the  lesser  or  non-ganglionic  por- 
tion of  the  fifth,  the  muscles  of  mastiaUian^  namely,  the  temporal,  maa- 
seter,  two  pterygoid,  anterior  part  of  the  digastric,  and  mylohyoid, 
derive  their  motor  nerves.  Filaments  are  also  supplied  to  the  kiMir 
tympani  and  tensor  palcUi,  The  motor  function  of  these  branches  is 
proved  by  the  violent  contraction  of  all  the  muscles  of  mastication  in 
experimental  irritation  of  the  third  or  inferior  maxillary  division  of  the 
nerve;  by  paralysis  of  the  same  muscle,  when  it  is  divided  or  disorgan- 


vm 


Fig.  80ft.— SectioD  acrom  the  pons,  about  the  middle  of  the  fourth  ventricle,    py., 
bundles:  po.,  transvenie  flbres  passinj?  pO|.  behind,  and  po,,  in  front  of  pjf. ;  r.,  raphfTfo.t.. 
perior  olive;  a.  r.,  bundles  of  aseendiniir  root  of  V.  nerve  incloeed  in  ajproloniiation  of  the i 
stance  of  Rolando;    r/.,  the  sixth  nerve,  nVL,  its  nucleus;  VII.^fHciml  nerve;   rff.o.,— ^ 
termediate  portion,  n.  VII.,  its  nucleus;    VIII.,  auditory  nerve,  nVIIl.,  lateral  nucleia  of  tk| 
auditory.    (After  Quain.) 


ized,  or  from  any  reason  deprived  of  power ;  and  by  the  retention  of  tin 
power  of  these  muscles,  when  all  those  supplied  by  the  facial  ner?el< 
their  power  through  paralysis  of  that  nerve.  The  last  instance  prov«| 
best,  that  though  the  buccinator  muscle  gives  passage  to,  and  reoeiii 
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ilamentfl  from,  a  buccal  branch  of  tho  inferior  division  of  the  fifth 
yet  it  derives  its  motor  i>ower  from  t!ie  facial,  for  it  is  paralyzed 
er  with  the  otlier  muscles  that  arc  supplied  hv  the  facial,  but 
a  its  power  wheu  the  other  muscles  of  mastication  are  paralyzetl, 
ler,  however,  the  branch  of  the  fifth  nerve  which  is  snpplied  to 
iccinator  muscle  is  entirely  sensory,  or  in  part  motor  also,  most 
I  for  tbe  present  doubtful.  From  the  fact  iliat  this  muscle,  be- 
ts other  functions,  acts  in  concert  or  liar  mo  uy  with  the  muscles  of 


flr,— .OenH^l  plan   of  tht^  branebea  of  th«  fifth  T>alr, 


;  S.  plae 


root  of  tlw  fifth 


rwAter  ro*>i  T>iuw1]nj;  forwanl  into  ihf  Gm^Hfrlan  ^nn^Uon;  S.  placeil  on  ihc-  bone  ahov** 
wdniic  nervf,  which  is  stn-n  tlividfui?  Into  llu»  «tj|ira'Orl!>itftI,  lat?hr>'^nial,  an«l  nonal 
tti**  latt»'r  cuncii'ct+il  with  tin?  ophthalmic  ifiinifllon ;  4,  olacixl  on  tlmOHin**  close  ttt  th« 
*--^  !.iiJK  marks  itw^  sn|wrior  m&xiUary  dixision.  which  \r  counecttnl  Im'luw  with  tln^ 
;^ani;liion,  and  fitt>w<'H  forward  to  tht"^  inf ru-orhitiil  fonimcn;  5.  plac***l  on  the  Ijono 
I*  ttvalr.  markK  tho  inferior  maxJliiiry  nerve.  ^Ivinitf  off  the  anterior  anriailar 
,»iu.r  ofi*nclif^,  antl  eontlntit*fl  hy  the  inferior  ilantal  to  the  lower  jnw,  and  by  the  piis- 
tiw  t'mjfiie;  *i,  the  Hiibnmxillary  j?lan4].  tlni  submaxillary  t^an^lioD  placet!  atiovt:^  it  in 
a  with  tlie  ^uhLatory  n+^rve:  t;,  the  chorda  tytnpani;  7,  the  facial  ut*rve  issuing  frooi 
iasu>iil  f«jrauion.     t^'harh^  Bell.) 


tioiJ,  iu  keeping  the  ftjod  between  the  teeth,  it  might  be  snp- 
rom  analogy,  tliat  it  wonhl  have  a  motor  hranch  from  the  same 
hat  supplies  them.  There  can  be  no  doubt,  however,  that  the 
i  buccal  hranch  of  the  fifth  is,  in  the  main,  sensory;  although 
,  qti  ite  certain  thjit  it  does  not  give  a  few  motor  filaments  to  the 
tf%r  muscle. 

Srn^Kon^ .—^'Vhrfyugh  the  hrancheg  of  the  greater  or  ganglionic 
of  the  fifth  nerve,  all  the  anterior  and  an tero- lateral  parts  of  the 
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face  and  head,  with  the  exception  of  the  skin  of  the  parotid  region 
(which  derives  branches  from  the  cervical  spinal  nerves),  acquire  com- 
mon sensibility;  and  among  these  parts  may  be  included  the  organs  o!  | 
special  sense,  from  which  common  sensations  are  conveyed  through  the 
fifth  nerve,  and  their  special  sensations  through  their  several  nenes  of 
special  sense.  The  muscles,  also,  of  the  face  and  lower  jaw  acquire 
muscular  sensibility,  through  the  filaments  of  the  ganglionic  portiouof 
the  fifth  nerve  distributed  to  them  with  their  proper  motor  nerves.  The 
sensory  function  of  the  branches  of  the  greater  division  of  the  fifth  nerve 
is  proved,  by  all  the  usual  evidences,  such  as  their  distribution  in  parts 
that  are  sensitive  and  not  capable  of  muscular  contraction,  the  exceeding 
sensibility  of  some  of  these  parts,  their  loss  of  sensation  when  the  neire 
is  paralyzed  or  divided,  the  pain  without  convulsions  produced  by  mor- 
bid or  experimental  irritation  of  the  trunk  or  branches  of  the  nerve, 
and  the  analogy  of  this  portion  of  the  fifth  to  the  posterior  root  of  the 
spinal  nerve. 

Other  Fundiotis, — In  relation  to  muscular  ffwvenients^  the  branches 
of  the  greater  or  ganglionic  portion  of  the  fifth  nerve  exercise  a  mani- 
fold influence  on  the  movements  of  the  muscles  of  the  head  and  face 
and  other  parts  in  which  they  are  distributed.  They  do  so,  in  the  first 
place  (a),  by  providing  the  muscles  themselves  with  that  sensibility 
without  which  the  mind,  being  unconscious  of  their  position  and  state, 
cannot  voluntarily  exercise  them.  It  is,  probably,  for  conferring  this 
sensibility  on  the  muscles,  that  the  branches  of  the  fifth  nerve  commu- 
nicate so  frequently  with  those  of  the  facial  and  hypoglossal,  and  the 
nerves  of  the  muscles  of  the  eye;  and  it  is  because  of  the  loss  of  this 
sensibility  that  wlion  the  fifth  nerve  is  divided,  animals  are  always  slow 
and  awkward  in  the  movement  of  the  muscles  of  the  face  and  head»  or 
hold  them  still,  or  guide  their  movements  by  the  sight  of  the  objects 
toward  which  they  wish  to  move. 

(/-».)  Again,  the  fifth  nerve  has  an  indirect  influence  on  the  muscular 
movements,  by  conveying  sensations  of  the  state  and  position  of  the  skin 
and  other  parts:  which  the  mind  perceiving,  is  enabled  to  determine 
appropriate  acts.  Thus,  when  the  iifth  nerve  or  the  infra-orbital  branch 
is  divided,  the  movement  of  the  lips  in  feeding  may  cease,  or  be  imper- 
fect. 

(c.)  An  intimate  connection  with  muscular  movements  through  the 
many  reflex  acts  of  muscles  of  which  it  is  the  necessary  excitant.  Hence, 
when  it  is  divided  and  can  no  longer  convey  impressions  to  the  nervous 
centres  to  be  thence  reflected,  the  irritation  of  the  conjunctiva  produceB 
no  closure  of  the  eye,  the  mechanical  irritation  of  the  nose  excites  no 
sneezing. 

(rf.)  Through  its  ciliary  branches  and  the  branch  which  forms  th« 
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mgroot  of  the  ciliary  or  optitluilmic  ganglion,  it  exercises  also  some 
iftuence  on  the  movements  of  tlie  iris.  When  the  trunk  of  the  oph- 
halmic  portion  is  divided,  the  popil  heconies,  accord ing  to  Valentin, 
Dfitracled  in  men  uud  ruhhits,  Jind  dilated  in  cuts  Mid  doga;  but  in  all 
iieei^  becomes  immovuble  even  under  all  the  vurietiea  of  the  istimulus  of 
^ht.  llow  the  iifth  nerve  thus  MtlectH  tlie  iria  ig  unexplained;  it  has 
BeDingewiouoly  suggested  the  inlluence  of  tiie  fifth  nerve  on  tlie  move- 
lente  of  the  iris  may  be  ascribed  to  the  affection  of  vision  in  eonscH^uenco 
f  the  disturbed  circulation  or  nutrition  in  the  retina,  wlien  tlie  normal 
ifluence  of  the  fifth  nerve  is  disturbed.  In  such  disturliunce,  increased 
rculation  making  the  retina  more  irritable  might  induce  extreme  con- 
action  of  the  iriii. 

Trophic  ifijfnenre. — ^The  morbid  effects  which  division  of  tlie  fifth 
ore  produces  in  the  organs  of  sj>eeial  sense,  make  it  probable  that,  in 
e  normid  state,  the  fifth  nerve  exercises  some  special  or  frophie  influ- 
ce  on  the  nutrition  of  all  these  organs;  although,  in  part,  the  effect 

the  section  of  the  nerve  is  only  indirectly  destructive  by  abolishing 

Kion,  and  therefore  the  natural  safeguard  wbich  leads  to  the  pro- 
n  of  parts  from  external  injury.  Thus,  after  such  division,  within 
leriod  varying  from  twenty -four  hours  to  a  week,  the  cornea  begins  to 
opaque;  then  it  grows  completely  white;  a  low  destructive  inflamma- 
y  process  ensues  in  the  conjunctiva,  sclerotica,  and  interior  parts  of 
s  eye;  and  within  one  or  a  few  weeks,  the  w- hole  eye  may  be  quite 
organixed,  and  the  cornea  may  slough  or  be  ]ienetrated  by  a  large 
er.  The  sense?  of  smell  (and  not  merely  that  of  mechanical  irritation 
the  nose),  may  be  at  the  same  time  lost  or  gravely  impaired;  so  may 
>  bearing,  and  eomnioulvi  whcncviu*  the  fifth  nerve  is  paralyzed,  the 
gue  loses  the  sense  of  taste  in  its  anterior  and  lateral  parts,  and  ac- 
ding  to  Gowers  in  the  posterior  part  as  weW, 

In  relaiian  hi  TaMc.—*lL\w  loss  of  tactile  sensibility  as  well  as  the 
|e  of  taste,  is  no  doubt  due  {a)  to  the  lingual  branch  of  the  fifth  nerve 
b  a  tierve  of  tactile  sense,  and  also  because  with  it  runs  the  chorda 
ipani,  which  is  one  of  the  nerves  of  t<istc;  partly,  also,  it  is  due  (/y), 
he  fact  that  this  branch  supplies,  in  the  anterior  and  lateral  parts  of 
tongue,  a  necessary  condition  for  the  proper  nutrition  of  tliat  part; 
le  (e*),  it.  forms  als;o  nnc  *diief  link  in  the  nervous  circle  for  rcfiex 
on.  in  the  secretion  of  saliva.  But,  deferring  this  question  until 
glosso-pharyngeal  nerve  is  to  be  considered,  it  may  be  observed  that 
jiue  brief  time  after  complete  paralysis  or  division  of  the  fifth  nerve, 
power  of  all  the  organs  of  the  special  senses  may  be  lost;  they  may 
not  merely  their  stmsihility  to  common  impressions,  for  which  they 
epend  directly  on  the  fifth  nerve,  but  also  their  sensibility  to  their 
*mX   peculiar  impressions  for  the  reception  and  conduction  of  which 
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they  are  purposely  constructed  and  supplied  with  special  nenres  besides 
the  fifth.  The  facts  observed  in  these  cases  can,  perhaps,  be  only  ex- 
plained by  the  influence  which  the  fifth  nerve  exercises  on  the  nutritive 
processes  in  the  organs  of  the  special  senses.  It  is  not  unreasonable  to 
believe,  that,  in  paralysis  of  the  fifth  nerve,  their  tissues  may  be  the 
seats  of  such  changes  as  are  seen  in  the  laxity,  the  vascular  congestiou, 
(Bdema,  and  other  alToctious  of  the  skin  of  the  face  and  other  tegumen* 
tary  parts  which  also  accompany  the  paralysis;  and  that  these  changes, 
which  may  appekr  unimportant  when  they  affect  external  parts,  are 
sufficient  to  destroy  that  refinement  of  structure  by  which  the  organs  of 
the  special  senses  are  adapted  to  their  functions. 

The  Vlth  Nerve  (Abducens). 

Origin. — The  Vlth  nerve  arises  from  a  compact  oval  nucleus,  situ- 
ated somewhat  deeply  at  the  back  part  of  the  pons  near  the  middle  of 
the  floor  of  the  fourth  ventricle.  The  eminentia  teres  marks  itspofli* 
tion.  It  contains  moderately  large  nerve-cells  with  distinct  axis  cylin- 
der processes.  It  is  connected  (fig.  304)  with  the  nuclei  of  the  third, 
fourth,  and  seventh  nerves.  It  is  nearer  the  middle  line  than  the  nuclei 
of  the  fifth  and  seventh.  The  root  is  thin,  and  passes  ventrally  and 
laterally  through  the  reticular  formation,  to  the  surface,  which  it  reaches 
at  the  hind  end  of  the  pons  opposite  the  front  end  of  anterior  pyramid. 

Fiuictions. — The  sixth  nerve  is  exclusively  motor,  and  supplies  only 
the  rectus  externus  muscle  of  the  eye. 

The  rectus  externus  is  convulsed,  and  the  eye  is  turned  outwanl, 
when  the  sixth  nerve  is  irritated;  and  the  muscle  is  paralyzed  when  the 
nerve  is  divided.  In  all  such  cases  of  paralysis,  the  eye  squints  inward, 
and  cannot  be  moved  outward. 

In  its  course  through  the  cavernous  sinus,  the  sixth  nerve  forms 
larger  communications  with  the  sympathetic  nerve  than  any  other  nene 
within  the  cavity  of  the  skull  does.  But  the  import  of  these  communi- 
cations with  the  sympathetic,  and  the  subsequent  distribution  of  its 
filaments  after  joining  the  sixth  nerve,  are  quite  unknown. 

The  Vllth  Nerve  {Facial). 

Origin. — The  facial,  or  poriio  dura  of  the  seventh  pair  of  nerves, 
arises  from  the  floor  of  the  central  part  of  the  fourth  ventricle  behind 
and  in  line  with  the  motor  nucleus  of  the  fifth,  to  the  outside  of  and 
deeper  down  than  the  nucleus  of  the  sixth.  The  nucleus  is  narrower  in 
front  than  behind,  and  consists  of  large  cells  with  well  marked  axis 
cylinder-processes,  which  are  gathered  up  at  the  dorsal  surface  of  the 
nucleus  to  form  a  root.     The  root  describes  a  loop  round  the  nucleus  ol 
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the  sixth  nerve,  rnnniiig  forward  for  some  little  distance  dorsal  to  the 
nucleus,  then  descending  verticidly,  iJiissing  to  outside  of  lU  ovvn  nucleus 
etween  it  and  the  asceuding  root  of  tilth  nerve.  It  emerges  at  the 
tiiiider  margin  of  the  pons  hiteral  to  the  sixth  nerve,  opposite  the  front 
edge  of  the  groove  hetweew  the  olivary  and  restiform  l)odies.  It  may  be 
connected  with  the  hyi>oglossitl  nnelens.  There  are  two  roots  j  the  lower 
aQ J  smaller  is  called  the  portio  intermedia. 

Fimct ions. —lihe  seven tli  nerve  is  the  motor  nerve  of  al!  the  miisclea 
I  of  Ibe  fsiee,  including  the  platvsma,  hitt  not  ineliuling  any  of  the  mns- 
[ckfi  of  mastieation  already  enumerated;  it  supplies,  also,  the  parotid 
glund,  and  through  the  connection  of  its  trunk  with  the  Vidiun  nerve, 
Mb)  the  petrosal  nerves,  some  of  the  muscles  of  the  soft  puhite,  probably 
[the  levator  pahiti  and  azygos  uvnlic.     By  its  tympanic  branches  it  sup- 
p\m  the  stapedius  and  laxator  tynipani ;  and  through  the  optie  ganglion, 
the  tensor  tyni pan i;  throngb  tJie  rhanhf  if/mpffni  it  sends  branches  to 
tlie  submaxillary  gland  and  to  the  lingiiali.'^  and  some  other  muscular 
Sbreg  of  the  tongue,  and  to  the  mucous  niemlirsnie  of  its  anterior  two- 
binls;  and  by  branches  given  off  before  it  comes  upon  the  face,  it  sup- 
dies  the  muscles  of  the  external  car,  the  posterior  part  of  the  digas- 
ricns,  and  the  stylo-byoidcus. 

Beside  its  motor  inlluence,  the  facial  is  also,  by  means  of  the  fibres 
rhich  are  supplied  to  the  suhmaxillury  and  parotid  glands,  a  secrefm'tf 
lerve.     For;  through  the  last-named  bivmcbcs,  impressions  may  be  con- 
veyed which  exrite  incre;u«ied  serretioiv  (»f  saliva. 

Parah/His  nf  Facial  Nvrni, — When  the  facial  nerve  is  divided,  or  in 
any  other  way  j>aralyzed,  tlie  hiss  of  power  in  the  muscles  which  it  sup- 
plies, while  proving  the  nature  {ind  extent  of  its  functions,  disjdays  also 
the  neccsi^ity  of  its  perfection  for  the  perfect  exercise  of  all  the  organs 
of  the  .special  senses.  Thus,  tn  paralysiuS  of  the  facial  nerve,  the  orlucu- 
laris  paljK^brarnm  being  pit wcr less,  the  eye  remains  open  tbnmgh  the 
Unbalanced  action  of  the  levator  palpebral;  and  the  conjunctiva,  thus 
continually  exposed  to  the  air  and  tbc  contact  of  dust,  is  liable  to  re- 
peated inflammation,  which  may  end  in  tbickcning  and  opaeify  of  the 
Oomea.  These  changes,  however,  ensue  much  more  slowly  than  those 
Which  follow  paralysis  of  tbc  fifth  nerve,  and  never  bear  the  same  de- 
«tnictive  character. 

The  sense  of  hearing,  also,  is  impaired  in  many  cases  of  paralysis  of 
the  facial  nerve;  not  only  in  such  as  are  instiinccs  of  simultaneous  dis- 
ease in  the  auditory  nerves,  but  in  such  iis  may  be  explained  liy  the  loss 
^t  power  in  the  mnscles  of  the  internal  ear.  The  sense  of  smell  is  eom- 
lllDnly  at  the  same  time  impaired  through  the  inability  to  draw  air 
Wsklj  toward  the  upper  ]>art  of  the  nasal  cavities  in  which  part  nlone 
^e  olfactory  nerve  is  distributed;  because,  to  draw  the  air  perfectly  in 
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this  direction,  the  action  of  the  dilators  and  compressors  of  the  no 
trils  should  be  perfect. 

Lastly,  the  sense  of  taste  is  impaired,  or  may  be  wholly  lost  in  pan 
ysis  of  the  facial  nerve,  provided  the  source  of  the  paralysis  be  in  son 
part  of  the  nerve  between  its  origin  and  the  giving  off  of  the  chorda  tyn 
pani.  This  result,  which  has  been  observed  in  many  instances  of  diseas 
of  the  facial  nerve  in  man,  appears  explicable  on  the  supposition  that  th 
chorda  tympani  is  the  nerve  of  taste  to  the  anterior  two-thirds  of  th 
tongue,  its  fibres  being  distributed  with  the  so-called  gustatory  or  lingua 
branch  of  the  fifth.  Some  look  upon  the  chorda  as  partly  or  entirel) 
made  up  of  fibres  from  the  fifth  nerve,  and  not  strictly  speaking  a8 1 
branch  of  the  facial ;  others  consider  that  it  receives  its  taste  fibres  from 
communications  with  the  glo8so-})haryngeal. 

Together  with  these  effects  of  paralysis  of  the  facial  nerve,  the  mufr 
cles  of  the  face  being  all  powerless,  the  countenance  acquires  on  the 
paralyzed  side  a  characteristic,  vacjint  look,  from  the  absence  of  all  ex- 
pression: the  angle  of  the  mouth  is  lower,  and  the  paralyzed  half  ofthi 
mouth  looks  longer  than  that  on  the  other  side;  the  eye  has  an  unmeaB- 
ing  stare.  All  these  peculiarities  inereiise,  the  longer  the  paraljai 
lasts;  and  their  appearance  is  exaggerated  when  at  any  time  the  mnsdei 
of  the  opposite  side  of  the  fa(;e  are  nuido  active  in  any  expression,  or  in 
any  of  their  ordinary  functions.  In  an  attempt  to  blow  or  whistle,  one 
side  of  the  mouth  and  cheeks  a(^ts  properly,  but  the  other  side  is  mo- 
tionless, or  flaps  loosely  at  the  impulse  of  the  expired  air;  so  intryinfj 
to  suck,  (me  side  only  of  the  mouth  acts;  in  feeding,  the  lips  and  cbeeW 
are  powerless,  and  on  account  of  paralysis  of  the  buccinator  muscle  foodj 
lodges  between  the  cheek  and  gnnis.  | 

The  Vlllth  Nerve  {Andiiory), 

On'f/iN. — Tilt'  VII  1th  nerve  arises  from  two  nuclei,  median  andhJ* 
eral,  in  the  floor  of  the  fourth  ventricle,  in  the  anterior  part  of  ^ 
bull)  in  front  and  to  the  side  of  the  twelfth  nerve;  it  extends  from  til 
middle  liiu^  to  the  outside  margin  of  the  ventricle.  There  isalsoa 
accessori/  nucleus  situated  on  the  ventral  surface  of  the  restiform  hod; 
The  nerve  leaves  the  surface  of  the  brain  from  the  ventral  surface  of  tl 
fore-part  of  the  restiform  body  at  the  hind  margin  of  the  pons  in  ti 
roots.  One  winds  round  the  restiform  body  dorsiil  to  it  and  the  oth 
passes  median  to  it.  The  fornuT  is  called  the  dorsal  root.  The  latt 
is  called  the  renfrnl  rortf.  Most  of  the  fibres  of  the  dorsal  root  {cochlea 
end  in  cells  of  the  (rrrrssortf  nucleus,  but  fibres  emerging  from  thisn 
cleus  pass  inward  to  the  bulb,  superficially,  forming  the  sM(B  acfidu 
in  the  floor  of  the  fourth  ventricle  and  end  in  the  median  nucleus.    M( 
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lot  the  fibres  of  the  ventral  root  (resh'hu la r)  end  in  ceils  of  the  lateral 
nucleus.  The  cells  of  the  median  nucleuB  are  small,  those  of  the  1  literal 
Diielens  large. 

I^uncfifm^.—The  cochlear  branch  ia  the  auditory  nei'Te  proper »  and 
the  veetibular  is  distributed  to  the  semicircular  canals,  the  utricnle  aud 
Baccule,  parts  of  the  internal  ear  not  directly  concerned  with  hearing. 

The  IXth  Nerve  {Ghmo-PJumjngeal), 

Origin. — The  gloaso-pharyngeal  nerves  (ix,,  fig.  3ri4),  in  the  enume- 
B|kion  of  the  cerebral  nerves  by  nu miners  according  to  the  position  in 
■Biicb  they  leave  the  eraniiim,  are  considered  as  divisions  of  the  eighth 
pair  qfnerves^  the  vagus  and  spinal  accessory  nerves  being  included  with 
them.  The  union  of  the  nuclei  is  indeed  so  intimate  that  it  will  Ih3  as 
iirell  to  take  the  origins  of  tlie  ninth,  tenth,  and  eleventh  nerves  together. 
These  three  nerves  emerge  from  the  bulb  and  spinal  cord  in  their 
mumerical  order  from  above  downward^  the  If ulhtir  por lion  from  the  lat- 
eral aspect  of  the  bwlh  in  a  line  lietween  the  olivary  and  restiform  bodies; 
said  the  spinal  portion  from  a  line  intermediate  between  the  anterior  and 
pwterior  nerve  roots  as  far  down  as  the  sixth  or  seventh  cervical. 

Tlie  combined  gloaso-p  h  a  ryn  goal -accessory- vagus  nucleus  appears  to 
consist  of  two  parts,  viz.,  one  median  or  common  origin,  having  eon- 
Bpicuoua  nerve-cells  of  moderate  sixc,  iind  three  laiirnl  origiu.%  having 
bot  few  cells  of  small  size.  These  are — i.  the  ftttrhtfs  amMgnnfi^  which 
lies  on  the  lateral  side  of  the  reticular  formation  and  is  the  origin  of  the 
Tragtis;  ii.  the  Jmriculns  mlitarius,  situated  in  the  bnlb,  ventral  and  a 
little  lateral  to  the  combined  nucleus,  is  also  calked  tlie  ascending  rofjt 
of  the  glosso- pharyngeal  nerve  or  the  respiratory  bundle;  and  iii,  the 
^nal pt/rtmn  which  takes  origin  from  a  group  of  cells  lying  in  the  ex- 
treme lateral  margin  of  the  anterior  cornu.  This  is  the  origin  of  the 
aocessory;  it  corresponds  to  the  antero-latcrul  nucleus  of  the  bulb^ 
the  lateral  part  of  the  gray  matter  of  the  Bpinal  cord. 
The  fibres  of  the  spinal  origin  of  the  nerve  pass  from  these  cells 
rough  the  lateral  column  to  the  surface  of  the  cord. 
The  fibres  from  the  romhined  n/irky,%  chiefly  from  the  median  party 
in  a  ventral  and  lateral  direction  through  the  reticular  fornuition, 
in  ventral  to  or  through  the  gelatinous  substance  and  strand  of  fibres 
nected  with  the  fiftli  nerve,  to  the  surface  of  bnlb. 
The  fibres  from  the  utfckfts  ambiguuH  join  the  combined  nerve,  but 
(cially  the  vagus. 

Tlie  bundles  of  fibres  of  i}\e  faj^rin/hL'f  KoIitariiLV  BtBrt  in  the  lateral 

y  matt<3r  of  the  cervical  cord  aud  higher   in  the  reticular  formation 

e  bnlb,  run  longitudinally  forward  to  pass  into  the  roots  of  the  ninth 
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JXth  Nerve. — Distribution. — The  glosso-pharyngeal  nerve  givee  fill- 
mouts  through  its  tympanic  branch  (Jacobson's  nerve),  to  the  femxtn 
oval  is  and  fenestra  rotunda,  and  the  Eustachian  tube,  parts  of  the  mid- 
dle ear;  also,  to  the  carotid  plexus,  and  through  the  petrosal  nerve,  to 
the  spheno-palatine  ganglion.  After  communicating,  either  within  or 
without  the  cranium,  with  the  vagus,  and  soon  after  it  leaves  the  en- 
nium,  with  the  sympathetic,  digastric  branch  of  the  facial,  and  the 
accessory  nerve,  tlic  glosso-pharyugeal  nerve  parts  into  the  two  principil 
divisions  indicated  by  its  name,  and  supplies  the  mucous  membrane  of 
the  posterior  and  lateral  walls  of  the  upper  part  of  the  pharynx,  tiie 
Eustachian  tube,  the  arches  of  the  palate,  the  tonsils  and  their  mnooos 
membrane,  and  the  tongue  as  far  forward  as  the  foramen  cncum  in  tko 
middle  line,  and  to  near  the  tip  at  the  sides  and  inferior  part. 

Functions. — The  glosso-pharyngeal  nerve  contains  some  motor  fibni^ 
together  witli  those  of  common  sensation  and  the  sense  of  taste. 

1.  Motor  fibres  are  distributed  to  the  palato-pharyngeus,  tbestjlo- 
pharyngeiis,  palato-glossus,  and  constrictors  of  the  pharynx. 

2.  Sensory  fibres  in  the  parts  which  it  supplies,  and  a  oentripettl 
nerve  through  which  impressions  are  conveyed  to  be  reflected  to  the  ad- 
jjicent  muscles. 

;j.  Fibres  for  tlie  special  xerve  of  taste  (from  its  fibres  derived  from 
the  firth,  (Jowers),  in  nil  the  parts  of  the  tongue  and  palate  to  which  it  is 
distributed.  After  many  discussions,  the  question.  Which  is  the  nen» 
of  tji-ste? — tlie  chorda  tynipani,  the  gustatory,  or  the  glosso-pharyngeal? 
— may  be  most  probably  answered  by  stating  that  they  are  not  them- 
selves, strictly  speaking,  nerves  of  this  special  function,  but  throngk^ 
their  connec^tion  with  the  fifth  nerve.  For  very  numerous  experimenti 
and  cjises  have  shown  that  wlien  tlio  trunk  of  the  fifth  nerve  is  paralried 
or  divided,  tht^  sense  of  tjuste  is  completely  lost  in  the  superior  8urf«c»^ 
of  the  anterior  and  lateral  parts  of  tlie  tongue,  at  the  back  of  the  tongue, 
and  on  the  soft  palate  and  ])alatino  arches.  The  loss  is  instantaneoaf 
after  division  of  the  nerve,  and,  therefore,  cannot  be  ascribed  wholly  to 
the  defective  nutrition  of  the  part,  though  to  this,  perhaps,  may  I* 
Hscril)e(l  tlie  nion»  coniidete  and  general  loss  of  the  sense  of  taste  when 
the  whole  of  tlu^  fifth  nerve  lias  Ix^en  paralyzed. 

The  Xth  Nerve  {Vagus  or  Pneumogastric). 

The  origin  of  the  Vagus  nerve  is,  as  we  have  just  seen,  situated  19^ 
the  lower  half  of  the  calamus  scriptorius  in  the  ala  cinerea  (fig.  365). 
Its  nucleus  is  said  to  represent  the  cells  of  Clarke's  (posterior  vesicutar 
column  of  the  spinal  cord.  In  origin  it  is  closely  connected  with 
ninth,  eleventh,  and  the  twelfth.      The  combined  glosso-pharyngeil' 
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ry  nuclei  lie  outside  of,  close  to,  and  parallel  with  the  nucleus 
I  the  twt^lf  th. 

Dulrifjuiion. — It  supplies  sensory  brandies,  which  accompany  the 
mpathetic  on  tlie  middle  meningofcil  artery,  and  others  which  supply 
B  back  part  of  the  meatus  and  the  adjoining  part  of  the  external  ear. 
id  connected  with  the  petrous  ganglion  of  the  glosso-pluiryngeal,  by 
pans  of  fibres  to  its  jugular  ganglion;  with  the  spioal  accessory  which 
>plie8  it  with  its  motor  libres  for  the  larger  and  upper  portion  of  the 
iphagus,  and  with  its  inhibitory  fibres  for  the  heart;  also  with  the 
ilfth;  with  the  superior  cervical  ganglion  of  the  sympathetic;  and 
the  cervical  plexus.  It  has,  of  all  the  nerves,  the  most  varied  dis- 
ntion  and  functions,  either  through  its  own  filaments,  or  through 
which,  derived  from  other  nerves,  are  mingled  in  its  branches* 
parts  supplied  by  the  branches  of  the  vagus  are  as  follows: — 


(1.)  By  \\& pharrpigeal  branches,  which  enter  the  pharyngeal  plexus, 
arge  portion  of  the  mucous  membrane,  and,  probably,  all  the  muscles 
the  pharynx, 

(2.)  By  the  superior  laryngeai  nerve,  the  mucous  membrane  of  the 
kder  service  of  the  epiglottis,  the  glottis,  and  the  greater  part  of  the 
Ijmx,  and  the  crico- thyroid  muscle. 

(3.)  By  the  inferior  laryngeal  nerve^  the  mucous  membrane  and  mus- 
lar  fibres  of  the  trachea,  the  lower  part  of  the  pliarynx  and  larynx, 
d  all  the  muscles  of  the  larynx  except  the  erico- thyroid. 

(4.)   By  its  msophageal  branches,  the  mncous  membrane  and  muscular 

%&  of  the  oesophagus. 

(5.)  Through  the  mrdiae  fierveSy  moreover,  the  branches  of  the  vagus 
rm  a  large  portion  of  the  supply  of  nerves  to  the  heart  and  the  great 

(G. )   Throng])  the  anterior  and  the  posterior  pulmonary  plexuses  to  the 
Hgs. 
(7.)   Throngh  \l% gastric  branches  to  the  stomach;  and  to  the  intes- 
es,  and  kidneys,  by  its  terminal  branches. 

(8.)  Through  its  hepatic  and  splenic  branches^  the  liver  and  the  spleen 
I  partly  supplied  with  nerves. 

^functians. — Throughout  its  whole  course,  the  vagus  contains  both 

ory  and  motor  fibres.     To  summarize  the  many  functions  of  this 

B,  which  have  been  for  the  most  part  considered  in  the  preceding 

ers,   it  may  be  said  that  it  supplies  (1)  motor  influence  to  the 

IX  and  cBsophagus,  stomach  and  intestines,  to  the  larynx,  trachea, 

11,  and  lung;  (2)  sensory  nud,  in  part,  {3)  vaso-motor  influence, 

I  same  regions;  (4)  inhibitory  influence  to  the  heart;  (5)  inbibi' 

39 
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FIr.  ae».-'VJew  of  rtiH  n^  rv.'s  IX,    X.  aod  XI,  Uiyir  dULril^ 
Rid<v    2-5,-1,  Pin»iimo>ni>;trh-  ii.rvo    in  th*^niv?k;  JJ,  ganglion 
»pinal  accasatarv:  4,  its*  uritun  \%itli    l\w  hyptig^luHHal :    B/phar>  r 
geal  nerve;   7,  i?xt4+rnal  lui*>a^t*«l:     K,  InrVaK^-iil  plexus;    »,  iufcii*>r  or  i 
mipeiior  rrttrdiac  branch;  11,  middle  cftrdiac;  12^  plexiforui  part  of  the  n 
poaberior  puliiiouiiry  plt^xr^i^;  14,   Uni^ual  tir  inj»taUir.v  u**rve  of  tlie  infer j 

f;l0Mal,  pii»*iitiK  intn  tht>  imiwlt>H  of  tht*  tot^rue,  Kivin^  ite  thyrfi-hyoitl  t  t 
wlg9  of  tht*  Ungual;    10,  >fh>ssu>-pharytiKrt*ftl    nt^rve;    17,  rplunl  »«.%'**»•  m 
Inner  branch  with  thH  pneiirnofrastric,  and  by  it«  out*tr,  poLsehif?  into  the  - 
18,  second  t'ervical  nerve;  H>    thir<l;  30,  fourth;  81.  origin  of  the  phrenic  tiervi%  ai,  ai,  filLh, 
se^-enth,  and  eighth  iTervieal    tiervon,  fonnlag^  Trtth  the  first  dorsal  the  braehlal  plexus;  • 
peri  or  cervical  ^ajii^Uon  of  the  njmipAthetlc ;  2&,  middle  cervieal  f^an^lion;  ^  inferior « 
fan ff lion  united  with  tho  first   dorsal  K&ofrllon;    27,  28v  ^.  90.  aeeoad,  third«  f oorili, « 
dorsal  KAHILI  ia,     (Fnj»m  Sappey  after  Hirwibield  and  Leveill^ft.) 

branches,  la  often  very  quickly  fatal  in  young  animals;  but  in  oli 
ma!8  the  fliriMion  of  the  recurrent  nerve  is  not  generallv,  and  th 
both  the  vagi  is  not  always,  fatal,  and,  when  it  ib  so,  death  ensues  ah 
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lis  difference  is,  that  the  yielding  of  the  ciirtilageB  of  the  laryni  in 
mig  animals  permits  the  glottis  to  he  closed  by  the  atmospheric  prefl- 
re  in  inspiTation,  and  ao  they  are  quickly  sutlocated  unless  tracheotomy 
performed.  In  old  animals,  the  rigidity  and  prominence  of  the  aryt- 
Did  cartilages  prevent  the  glottis  from  being  completely  closed  by  the 
losplieric  pressure;  e^en  when  all  the  musclea  are  paralyzed,  a  por- 
L  at  its  posterior  part  remaina  open^  and  through  this  the  animal 
itinues  to  breathe. 

In  the  case  of  slower  death,  after  division  of  both  the  vagi,  the  lungs 
commonly  found  gorged  witli  blood,  ledematous,  or  nearly  solid, 
33  a  kind  of  low  pneuniouia,  luul  the  bronchial  tubes  full  of  frothy 
pdy  fluid  and  mucus,  to  which,  in  general,  the  death  may  be  ascribed. 
changes  are  dne,  in  part,  to  the  passage  €*f  food  and  of  the  various 
retions  of  the  mouth  and  fauces  through  the  glottis,  which,  being 
red  of  its  sensibility,  is  no  longer  stimulated  or  closed  in  conse- 
E1C6  of  their  contact. 

The  Xlth  Nerve  (Spinal  Accessory). 

Origin  and  Cnnneciions.^'Vhe  nerve  arises  by  two  distinct  origins — * 

from  a  centre  in  the  floor  of  the  fourth  ventricle,  partly  but  chiefly 

he  medulla,  and  connected  with  the  glosao-pliaryngeal-vagus-nueleus; 

other,  from  the  outer  side  of  the  anterior  cornu  of  the  spinal  cord 

Bow   down  as  the  fifth  or  sixth  cervical  nerve.     The  flbrea  from  the 

origina  come  together  at  the  jugular  foramen,  but  separate  again 

r   tT*'o   branches,  tlie  inner  of  whicli,  arising  from  the  nu^dulla,  joins 

Ta^s,  to  which  it  supplies  its  motor  fibres,  consisting  of  small  me- 

lated   or  viscera!   nerve-fibres,  while  the  outer  consisting  of  large 

iullotfyd   fibres,   supplies  the  trai>czius  and  sterno-mastoid  muscles, 

siwall-fibred  branch  is  said  to  arise  from  a  nucleus  corresponding  to 

posterior  vesicular  column  of  Clarke. 

The   principal  branch  of  tlie  accessory  nerve,  its  external  branch, 

suppliers  the  sterno-miiatoid  and  trapezius  muscles j  and,  though 

is  produced  by  irritating  it,   is  composed  almost  exclusively  of 

tor  fibres.     The  internal  braneli  of  the  accessory  nerve  supplies  chiefly 

tero-motor  filaments  to  the  vagus.     Tlie  muscles  of  the  larynx,  all  of 

BS  already  stated,  are  supplied,  apparently,  by  branches  of  the 

are  said  to  derive  their  motor  nerves  from  the  accessory;  and 

ich  is  a  very  significant  fact)  Vrolik  states  that  in  the  chimpanzee 

internal  branch  of  the  accessory  does  not  join  the  vagus  at  all,  but 

direct  to  the  larynx. 

Among  the  roots  of  the  accessory  nerve,  the  lower  or  external,  aris- 

from  the  spinal  cord,  appears  to  be  composed  exclusively  of  motor 
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fibres,  and  to  be  destined  entirely  to  the  trapezius  and  extending  fioa 
the  back  of  the  fourth  ventricle  to  the  level  of  the  olivary  bodies  don 
to  the  middle  line,  inside  the  combined  nucleus  of  the  ninth,  tenth,  aol: 
eleventh  nerves. 

The  Xllth  Nenre  (Hypoglossal). 

Origin  and  Connections. — The  nerve  arises  from  a  large-celled 
very  long  nucleus  in  the  bulb,  extending  from  the  back  of  the  fonrt 
ventricle  to  the  level  of  the  olivary  bodies  close  to  the  middle  line, 
the  combined  nucleus  of  the  ninth,  tenth,  and  eleventh  nerves.  FibN 
from  this  nucleus  run  from  the  ventral  surface  through  the  reticnhl 
formation  in  a  series  of  bundles  passing  between  the  olivary  nudeuslit 
erally  and  the  anterior  pyramid  and  accessory  olive  medially,  to  gd 
the  surface.  The  nerve  emerges  from  a  groove  between  the  anten 
pyramid  and  olivary  body.  The  fibres  of  origin  are  continuoia 
the  anterior  roots  of  the  spinal  nerves.  It  is  connected  with  the  vagi 
the  superior  cervical  ganglion  of  the  sympathetic  and  with  the  uppi 
cervical  nerves. 

Distribution. — This  nerve  is  the  motor  nerve  to  the  musdes 
nected  with  the  hyoid  bone,  including  those  of  the  tongue.     It  suppB 
through  its  descending    branch   (descendens  noni)^   the    stemo-hyoi 
sterno-thyroid,  and  omo-hyoid;   through  a  special  branch,  the  thjrt 
hyoid,  and  through  its  lingual  branches,  the  genio-hyoid,  stylo-gl 
hyo-glossus,  and  genio-hyo-glossus  and  linguales. 

Fu  fictions. — The  function  of  the  hypoglossal  is  exclusively  motfli 
As  a  motor  nerve,  its  influence  on  all  the  muscles  enumerated  above 
shown  by  their  convulsions  when  it  is  irritated,  and  by  their  loss 
power  when  it  is  paralyzed.     The  effects  of  the  paralysis  of  one  hyj* 
glossal  nerve  are,  however,  not  very  striking.     Often,  in  cases  of  heffli 
plegia  involving  the  functions  of  the  hypoglossal  nerve,  it  is  not  poasik 
to  observe  any  deviation  in  the  direction  of  the  protruded  tongue;  pi 
ably  because  the  tongue  is  so  compact  and  firm  that  the  muscles  on  eitii 
side,  their  insertion  being  nearly  parallel  to  the  median  line,  can  pa 
it  straight  forward  or  turn  it  for  some  distance  toward  either  side. 

The  Pons  Varolii. 

The  pons  Varolii  is  generally  spoken  of  as  a  great  commissnre 
fibres;  of  fibres  which  connect  the  two  halves  of  the  cerebellum  and 
fibres  which  connect  the  bulb  and  spinal  cord  with  the  upper  part  of  I 
brain.  Although  this  is  true  it  must  not  be  forgotten  that  the  po 
contains  several  masses  of  gray  matter,  and  also  in  addition  smaller  « 
lections  of  nerve-cells.     It  is  found  that  on  section  the  following  ptf* 
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ly  be  made  out  in  its  strunture,  beginning  from  the  anterior  or  ven- 
A  surface. 

(a,)  Transverse  or  eonimiissunil  fibres  connecting  the  one  side  of  the 
febellum  with  the  other,  forming  the  middle  peduncle.  These  fibres 
hbTge  from  the  lateral  parts  of  the  white  stibstanee  of  the  hemispheres, 
ring  come  from  the  superticial  gray  matter  of  the  whole  surface,  from 
f  niedian  vermis,  and  from  the  lateral  hemispheres.  Some  of  these 
ires  are  truly  commissural  and  probably  connect  the  same  points  on 
^  surfaces  of  the  two  halves;  some  end  in  the  gray  matter  of  the  same 
le  of  the  2>on3  on  the  ventral  esurfacc,  and  others  cross  to  tlie  opposite 
|e  of  the  pons  and  then  become  longitudinal,  passing  on  to  the  teg- 
ln/Eim,  a  system  of  fibres  and  gray  matter  to  be  imuiediattdy  describea. 

{b,)  Fibres  longitudinal  in  direction  which  are  arranged  in  larger  or 
|aller  bundles  separated  by  gray  matter;  some  of  these  fibres  are  what 
I  called  the  pyramidal  fibres,  which  pass  down  to  the  anterior  pyra- 
jds  of  the  bulk 

I  (c.)  The  dorsad  portion  of  tlie  pons  is  made  up  to  a  considerable  ex- 
^t  of  the  reticular  formation  of  the  tegmental  region  together  with 
e  or  two  distinct  bundles  of  longitudinal  fibres:  i.,  the  chief,  situated 
rarcl  the  junction  of  the  ventral  two  thirds  with  the  dorsal  third,  is 
kfiUei^  which  consists  of  two  portions,  outer  and  metlian;  and  ii.,  the 
l^d,  a  bundle  of  similar  fibres,  poster ior  lojigittuUnal  bundles^  is  situ- 
Q  between  the  two  divisions  of  the  fillet  below  the  lateral  and  to  the 
ter  side  of  the  median. 

(rf.)  In  the  fore  part  of  the  pons,  a  mass  of  gray  matter  containing 
fment,  the  hcus  cwruietis,  possibly  forming  the  origin  of  the  fifth  nerve, 
1  in  the  back  part  a  second  mass  of  gray  matter,  the  superior  olive. 


W 


The  Crura  Cerebri, 


The  crura  cerebri  (iii,  fig.  354)  diverge  from  the  anterior  edge  of 
I  pons  Varolii  and  pass  upward  on  cither  side  toward  the  cerebral 
liispheree.  At  their  anterior  termination  each  of  them  appears  to 
le  upon  its  dorsal  surface,  to  the  inner  and  outer  sides  respectively, 
♦  large  masses  of  gray  matter  which  have  been  already  spoken  of,  viz., 
optic  thalamus  and  the  corpus  striatum.  These  bodies  are  not  only 
t  were  placed  upon  the  surface  of  each  cms,  but  are  also  deeply  em* 
ded  in  its  substance. 

The  crns  is  found  to  be  made  up  of  two  principal  parts:— 
(a,)  The  one,  the  tegmentum^  situated  for  the  most  part  on  the  dorsal 
let,  is  composed  chiefly  of  gray  matter  and  some  longitudinal  fibres. 
And  (h,)  the  other,  the  crusfa^  situated  toward  the  other  surface,  is 
Ipo^ed  i&lmoBt  entirely  of  longitudinal  fibres.     It  is  known  also  as  the 
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pes.     Separating  these  two  parts,  is  a  mass  of  gray  matter  of  the 
of  a  lens,  called  the  locus  or  nucleus  niger  or  substantia  nigra. 

The  tegmentum  situated  dorsally  ends  for  the  most  part  i 
neighborhood  of  the  optic  thalamus  and  the  parts  beneath.  In 
quence  of  this  the  fibres  of  the  pes  are  allowed  to  come  dorsally 
proceed  between  the  optic  thalamus  and  the  more  posterior  pa 
lenticular  nucleus)  of  the  corpus  striatum,  on  their  course  to  th( 
bral  cortex.  When  in  this  situation  they  form  a  compact  mass  of 
As  they  pass  more  dorsally  the  fibres  spread  out  in  the  form  of 
and  this  arrangement  is  called  the  corona  radiata.     The  fibres  of  t 


Tift.  360. —Diagram  of  the  motor  tract  as  shown  in  a  diagrammatic  horizontal 
through  the  cerebral  hemispheres,  Crura,  Pons,  and  3Iedulla.  Fr.,  Frontal  lobe;  Oc.,' 
lobe;  AF..  ascendiuic  frontal,  AP. ,  ascending  parietal  convolutions;  PCF. ,  pre-oentra' 
in  front  or  the  ascending  frontal  convolution;  FR. ,  fissure  of  Rolando;  IPF.,  inter-par 
sure,  a  section  of  cms  is  lettered  on  the  left  side.  SN.,  Substantia  nigra;  Py.,  pyramid 
fibre,  which  on  the  right  is  shown  as  continuous  lines  converging  to  pass  through  the  i 
limb  of  IC.  internal  capsule  (the  knee  or  elbow  of  which  is  shown  thus  *)  upwardf 
hemisphere  and  downward  through  the  pons  to  cross  the  medulla  in  tiie  anterior  p^ 
(Gowers.) 


are  found  to  stretch  not  only  between  the  optic  thalamus  and  tl 
ticular  nucleus,  but  also  more  anteriorly  between  the  former  ai 
caudate  nucleus  of  the  corpus  striatum  which,  as  we  have  seen,  i 
seen  in  the  floor  of  tlie  lateral  ventricle.  The  fibres  of  the  p€ 
spread  out,  have  the  form  of  a  fan  bent  upon  itself  as  they  rise 
into  the  cerebral  hemisphere.  I'his  constitutes  the  mternal  capsu 
that  portion  of  it  whicli  forms  tlie  angle  at  which  the  fibres  are 
called  the  ge7iu  of  the  capsule,  that  in  front  of  it  being  the  froi 
that  behind,  the  hind  limb.  Tlie  fibres  constituting  the  interni 
sule  are  distributed  to  different  districts  of  the  cerebral  cortex, 
are  made  up  of  fibres  not  only  constituting  the  pyramidal  syste 
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I  of  otLera  which  end  in  the  masses  of  gray  matter  in  the  pons  or  cms 
t;  but  the  function  of  all  of  the  fibres  is  believed  to  be  to  carry  im- 
t  downward  from  the  cerebrum  either  to  the  epinal  cord  and  so  to 
le  cranial  nerves,  or  to  the  cerebellum. 

The  tegmentum  of  either  side,  on  the  other  hand,  is  supposed  to  be 
Micerned,  for  the  most  part  at  any  rate,  witli  afferent  impulses.     It  is 
[UAde  up  to  a  very  considerable  extent  of  collections  of  gray  matter,  the 
moj:!t   important  of  which  are  (a)  the  locus  or  nucleus  niger^  separating 
%hi^  pes  and  tegmentum;  {h)  the  nuchus  ruh&r^  which  is  a  rounded  niiiss 
Ituated  more  toward  the  aqueduct  of  Sylvius;  this  extends  from  the 
'third  ventricle  to  the  anterior  corpus  quadrigeminum.     The  locus  niger 
l^iteuds  back  as  far  as  the  posterior  corpus  quadrigemiuuDi,      (c)  A  third 
of  gray  matter  is  situated  beneath  the  optic  thalamus,  and  is  the 
Wpus  suhtliahtmieum.     Posteriorly  the  tegmentum  is  made  up  chiefly 
the  reticular  material  so  often  spoken  of,  and  in  the  pone  consists 
entirely  of  that  kind  of  strocture,  but  with  the  two  additional 
of  gray  matter  already  indicated,  viz.,  the  locus  coBruleus  and 
Iperior  olive- 
It  will  be  as  well  here  to  indicate  briefly  the  other  collections  of  gray 
in  the  neighborhood  of  the  crura,  viz.,  the  corpus  striata,  optio 
li,   corpora  quadrigemiua,   corjiora  geniculata,  and  the   corpora 
ita  of  the  cerebellum. 
^Corpora  Striata. ^The  corpora  striata  are  situated  in  front  and  to 
outside  of  the  optic  tbalami,  partly  within  and  partly  without  the 
^ral  ventricle. 

^Each  corpus  striatnm  consists  of  two  parts; — 

'(a.)   An  intraventricular  portion  {eav  date  nuchus)  which  is  conical  in 

ipe,  with  the  base  of  the  cone  forward;  it  consists  of  gray  matter, 

lb  white  substance  in  its  centre,      {h.)  An  extraventricular  portion 

ntimlar  nucleus)^  which  is  separated  from  the  other  portion  by  a  layer 

te  material,  which  forms  a  portion  of  the  internal  capsule^ — the 

r  limb.     The  lenticular  nucleus  is  seen,  on  a  horizontal  section  of 

misphere,  to  consist  of  three  parts  (the  two  internal  called  f/iohus 

u9^  major  and  minm\  and  the  outer  called  the  putamen)^  separated 

one  another  by  white  matter,  of  which  the  smallest  of  the  thice  is 

Each  part  somewhat  resembles  a  wedge  in  sliape.     The  upper 

t internal  surface  is  in  relation  with  the  caudate  nucleus,  being  sepa- 

from  it  by  the  anterior  limb  of  the  internal  capsule.    The  remain- 

of  the  internal  surface  is  in  relation  to  the  optic  thalamus,  being 

rated  from  it  by  the  posterior  limlf  of  the  internal  capsule.     The 

jntal  section  is  wider  in  the  centre  than  at  the  ends.     On  the  out* 

is  the  gray  lamina  (claustrum)  separated  by  a  thin  white  layer — 

nal  capsule — from  the  lenticular  nucleus. 


616  HANDBOOK  OP  PHYSIOLOGY. 

The  cells  of  the  corpora  striata  are  evenly  distributed,  and  mt 
grouped  in  nuclei.  Their  neuraxons  pass,  for  the  most  part,  into  tbi 
internal  capsule.  The  corpora  striata  are  connected  with  the  cerebeUan 
through  these  fihres.  It  is  doubtful  if  these  ganglia  have  any  anatomioil 
relations  with  the  cortex  of  the  brain. 

Optic  Thalami. — The  optic  thalami  are  oval  in  shape,  and  nit 
upon  tlio  inner  and  dorsal  surfaces  of  the  crura  cerebri.  The  upper  siff- 
face  of  each  thalamus  is  free,  and  of  white  substance;  it  projects  into 
the  lateral  ventricle.  The  posterior  surface  is  also  white.  The  inwri 
sides  of  the  two  optic  thalami  form  the  outer  borders  of  the  thixd. 
ventricle,  are  in  partial  contact,  and  are  composed  of  gray  material  on^ 
covered  by  white  and  are,  as  a  rule,  connected  together  by  a  transreni 
portion. 

The  optic  thalamus  is  composed  of  several  collections  of  gray  matto^' 
forming  somewhat  indistinctly  defined  masses  separated  by  white  fibim 
These  masses  of  gray  matter  are  known  as  the  nuclei  of  the  tJmlamui^ 
and  they  are  six  in  number.  They  are  called  the  anterior  tubercle,  thi 
median  nucleus,  the  lateral  nucleus,  the  ventral  nucleus,  the  pulvinar, 
and  tlio  posterior  nucleus.  The  anterior  tubercle  is  composed  of  largi 
nerve-cells  whose  neuraxons  pass  down  to  the  corpora  mammillaria  attte 
base  of  the  brain.  There  they  meet  the  fibres  of  the  fornix  which  con- 
nect this  tubercle  of  the  thalamus  with  the  hippocampal  convolution. 
The  median  nucleus  is  connected  by  its  neuraxons  with  the  cortex  of  tbi 
Island  of  Keil  and  the  second  and  third  convolutions.  The  lateral  nn- 
cleus  is  quite  large  and  lies  against  the  internal  capsule,  into  which  it 
sends  fibres.  It  is  connected  with  the  central  convolutions.  The  ven- 
tral nucleus  lies  beneath  the  preceding ;  it  is  small  in  size.  It  is  con- 
nected with  the  cortex  of  the  frontal  lobe  and  with  the  operculum,  tbi 
central  convolutions,  and  the  supramarginal  gyrus.  The  fifth  nuclei 
known  as  the  pulvinar^  forms  the  posterior  tip  of  the  thalamus,  and  i 
connected  with  the  optic  tract.  The  posterior  nucleus,  lying  just  beloi 
the  pulvinar,  is  a  small  mass  and  is  connected  with  the  cortex  of  the  ii 
ferior  parietal  convolution.  The  cells  of  the  optic  thalamus  are  thi 
seen  to  be  connected  with  a  large  area  of  the  cerebral  cortex.  They 
also  connected  with  the  sensory,  and  probably,  to  some  extent,  with 
motor  tracts  coming  from  below. 

Corpora  Quadrigemina. — There  are  two  on  each  side,  anteria 
and  posterior;  they  form  prominences  on  the  dorsal  surface  of  the  po< 
and  crura  above  the  aqueduct  of  Sylvius.  They  are  composed  of  alter 
nate  layers  of  white  and  gray  matter.  The  posterior  bodies  recei« 
fibres  from  the  eighth  nerve  and  the  sensory  tract,  known  as  til 
fiUef,  They  send  fibres  out  to  the  temporal  region  of  the  brain.  Thi 
are  closely  associated  with  the  lateral  corpora  geniculata.  The  anteiifl 
corpora  quadrigemina  are  connected  by  fibres  with  the  optic  nerve 
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iiriiBO  the  fillet,  aiu!  send  fibres  to  tlio  occipital  cortex  of  the  braiu.  They 
[are  closely  associated  with  the  median  corpora  geoicidatti. 
t  Corpora  Geniculata. — Tbeao  are  two  on  either  side,  lateral  or 
BDter and  median  or  inner;  the  former  la  developed  from  the  fore-brain, 
Fthe  latter  from  the  mid^brain.  The  hiteral  corpus  gen icu latum  h  at  the 
fide  of  the  croa  and  appears  to  be  a  swelling  on  the  lateral  division  of 
optic  tract.  Similarly  tlie  median  appears  to  be  the  termination  ot 
he  median  division  of  the  optic  tract.  Ihey  both  contain  gray  matter 
fig.  :5t;3), 

I     Corpora  Deotata  are  plicated  areas  of  gray  matter  in  the  interior 
|f  the  cerebelhini,  not  nialike  the  olivary  body  of  the  bulb.     The  fibres 
om  each  pas?^  chiefly  to  the  superior  peduncle  of  its  own  side. 
The  Cerebrum. — For  convenience  of  description*  the  surface  of 
brain  has  been  divided  mto Jive  lobes  (Gratiukit). 


Fig.  370.— Left  iiemi«pheiv,  from  without.    CAlter  EberstaWerO 

L  Frontal  {?\g.  370),  limited  behind  by  the  fissnre  of  Rolando 
tsentral  fissnre),  and  beneath  by  the  fissure  of  Sylvius.  Its  snrface  con- 
lits  of  three  main  convolutions,  which  are  approximately  horizontal  io 
Irection,  and  are  broken  up  into  numerous  secondary  gyri.  They  are 
frmed  the  auperioTj  middle,  and  inferior  frontal  convolutions.  In  ad- 
ttion^  the  frontal  lobe  contains^   at  its  posterior  part,   a  convolution 

fich  runs  npward  almost  vertically  {ascending  front a^)^  and  is  bounded 
front  by  a  fissure  termed  the  prsecentral,  behind  by  that  of  Rolando. 
I  2  ParieiaL  This  lobo  is  bounded  in  front  by  the  fissure  of 
olando,  behind  by  the  externa]  perpendicular  fissure  (parieto-occipital)^ 
|kd  below  by  the  fissnre  of  Sylvius.  Behind  the  fissure  of  Rolando  is 
ascending  parietal  convolution,  which  swells  out  at  its  upper  end 
what  is  termed  the  superior  parietal  lobule.  The  superior  parietal 
lie  is  separated  from  the  inferior  parietal  lobule  by  the  intra-parietal 
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sulcus.  The  inferior  parietal  lobule  (pli  courbe)  is  situated  atthepo»> 
terior  and  upper  end  of  the  fissure  of  Sylvius;  it  consists  of  (a)  tn 
anterior  part  (supra-marginal  convolution)  which  hooks  round  the  end 
of  the  fissure  of  Sylvius,  and  joins  the  superior  temporal  oonvolntion, 
and  a  posterior  part  (Ji)  (angular  gyrus)  which  hooks  round  into  the 
middle  temporal  convolution. 

3.  Temporal  contains  three  well-marked  convolutions,  parallel  to 
each  other,  termed  the  superior,  middle,  and  inferior  temporal.  The 
superior  and  middle  are  separated  by  the  parallel  fissure. 

4.  Occipital.      This  lobe  lies  behind  the  external    perpendicolir 


HSi^^^Ju^, 


\ 


Fig.  871.— The  cerebrum,  from  above.    (After  EberstaUer.) 

or  parioto-ocoipital  fissure,  and  contains  three  convolutions,  termed  the 
superior,  middle,  and  inferior  occipital.  They  are  often  not  well  marked. 
In  man,  the  external  parieto-occipital  fissure  is  only  to  be  distinguished 
as  a  notch  in  the  inner  edge  of  the  hemisphere;  below  this  it  is  quite 
obliterated  by  the  four  an  nee  tan  t  gyri  (pi  is  de  passage)  which  run  nearly 
horizontally.  The  ujiper  two  connect  the  parietal,  and  the  lower  two 
the  temporal  with  the  occipital  lobe. 

5.  Central  lobe,  or  island  of  Reil,  which  contains  a  number  of  radiat- 
ing convolutions  (gyri  operti). 

The  fig.  372  shows  tiie  following  gt/ri  and  sulci: — 

Gyrus  fornicatuSy  a  long  curved  convolution,  parallel  to  and  curving  ■ 
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jtJttnd  the  corpus  callo&um,  and  swelling  out  at  its  hinder  and  upper  end 
into  the  quadrate  lobule  {precuneus),   which  is  coutiuuoiis  with   the 
«aperior  parietal  lohule  on  the  externiil  surface.     Marginal  convolution 
inns  parallel  to  the  preceding,  and  occupies  the  space  between  it  and 
the  edge  of  the  longitudinal  fissure.     The  two  convoUitionB  are  separated 
by  the  calloso-marginal  fissure.     The  internal  perpendicular  fissure  ia  well 
marked,  and  runs  downward  to  its  Junction  with  the  calcarine  fissure: 
I  'the  wedg€-8hai>ed  mass  intervening  between  these  two  ia  termed  the 
( ^uneus.     The  calcarine  fissure  correspouds  to  the  projection  into  the  pos- 
terior cornu  of  the  lateral  ventricle,  termed  the  Bippocamptts  minor. 
The  temporal  lobe  on  it*  internal  aspect  is  seen  to  end  in  a  hook  (unci* 
J  Bate  gyrus).     Tlie  notch    round  which  it  curves  is  continued  up  and 
I  back  as  the  dentate  or  hippocampal  sulcus:  this  fissure  underlies  the 


Fig,  872.— RlRht  bemtspbpn?.  from  within.    (After  Eberetaller.) 

jection  of  the  hippocampus  major  within  the  brain.     There  are  three 
Brnal  temporo-occipital  convolutions,  of  which  the  superior  and  infe- 

onea  are  usually  well  marked,  the  middle  one  generally  leas  so. 
I  The  collateral  fissure  (corresponding  to  the  eminentia  collateral  is) 
the  lower  boundary  of  the  superior  temporo-occipital  convolution- 
11  the  above  details  will  be  found  indicated  in  the  diagrams  (figs. 
ri,  372). 
*SVn/rfwr<?.— 'The  cerebrum   is  constructed  h'ko  the  other  chief  di- 
ions  of  the  cerebro-spi mil  system,  of  ^m^/ and  fi*Ai7crmatter;  ami,  m 
the  case  of  the  Cerebellum  (and  unlike  the  spinal  cord  aud  medulla 
longata)  the  gray  matter  (f:orie:r)  is  external,  and  forms  a  capsule  or 
rering  for  the  white  substance.     For  the  evident  purpose  of  increasing 
s  atnonnt  without  iimkie  occupation   cf  epacc,  the  gray  matter  is  vari- 
ifily  infolded  so  aa  to  form  the  cerebral  couvoluiiuiut. 
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The  cortical  gray  matter  of  the  cerebral  cortex  has  an  ayenp 
thickness  of  about  i  inch  (3  mill.),  being  thin  in  the  occipital  lobe,  ^ 
inch  (2  mm.),  and  thick  in  the  pre-central,  i  inch  (4  mm.).  TheceUi 
of  ^vhich  the  substance  is  composed  are  of  different  kinds:  (a)  The 
apical  process  is  very  long  and  reaches  up  often  nearly  to  the  surface. 
It  gives  off  lateral  branches,  and  is  studded  along  its  course  mXh  little 
])rojcctions  called  gemmules.  This  process  is  a  protoplasmic  procesa  or 
dendrite;  the  cell  has  other  dendrites  given  off  from  the  angles  of  the 
body  of  the  cell.  It  always  has  an  axis-cylinder  process  or  neuraxon 
which  passes  off  usually  from  about  the  middle  of  the  base.  There  are, 
besides  these  large  pyramidal  cells,  others  practically  of  the  same  shape 
anil  structure  but  smaller.     They  are  the  small  pyramidal  cells. 

{b)  In  the  superficial  layer  of  the  cortex  there  is  a  peculiar  type  of 
cell,  first  described  by  Cajal.  Most  of  these  bodies  are  fusiform  in  shape, 
with  the  long  axis  parallel  to  the  surface  of  the  convolution.  They  give 
off  usually  two  neuraxons  which  run  along  parallel  to  the  surface  aiid 
send  down  numerous  fine  collaterals  at  right  angles.  Another  form  of 
Cnjal  cell,  triangular  or  quadrangular  in  shape,  is  also  seen.  Both 
forms  have,  as  a  rule,  more  than  one  neuraxon.  Their  collaterals  pas 
in  a  horizontal  direction,  forming  a  fine  band  of  fibres,  known  as  tan- 
gential  fhres, 

(r)  A  third  type  of  cell  is  i\\Q  fusiform  or  polymorphous.  Some  of 
these  are  strictly  fusiform  in  shape  and  lie  with  their  axis  parallel  to  the 
surface  of  the  convolution.  They  give  off  protoplasmic  processes  which 
pass  down  toward  the  white  matter,  some  of  them  turning  to  run  in  & 
horizontal  direction.  The  fusiform  and  polymorphous  cells  are  grou])ed 
in  the  same  layer,  and  are,  therefore,  described  together. 

{fl)  Besides  these  cells  we  find  scattered  through  the  cortex  a  consid- 
erable number  of  the  ncuroglia-cells.  The  character  and  position  of 
these  are  shown  in  fig.  373. 

The  general  arrangement  of  the  layers  of  the  cortex  is  described  very 
differently  by  different  authors,  and  it  differs  in  different  parts  of  the 
brain.  The  simplest  and  most  representative  type,  however  of  the  ar- 
rangement is  that  in  which  the  cortex  is  divided  into  four  layers.  The 
outermost,  or  superficial,  known  as  the  vxoUcular  layer,  contains  rela- 
tively few  cells.  It  is  composed  of  neuroglia  tissue,  embedded  in  which 
are  a  number  of  cells  of  the  Cajal  type,  which  have  just  been  described. 
There  are  also  in  tliis  layer  many  neuroglia-cells.  In  the  superficial  part 
of  the  layer  of  some  areas  of  the  cortex  are  many  tangential  fibres.  The 
second  layer  is  composed  of  small  pyramidal  cells.  In  parts  of  the  braia 
there  are  here  interposed  what  are  known  as  the  vertical  fusiform  cells. 
The  third  layer  is  composed  of  large  pyramidal  cells,  in  which,  however, 
one  sees  many  small  pyramids  also.  The  fourth  hiyer  is  composed  of  the 
fusiform  and  polymorphous  cells,  and  beneath  this  is  the  white  sub- 
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Qce,  Thia  arrangement  is  shown  in  the  accompanying  fignres  (373 
1373a).  The  gray  anatter  of  the  brain  contains,  however^  nofc  only 
Be  layers  and  cells,  hnfc  an  infinitely  rioli  mass  of  fibres,  which  can  be 
wn  by  Turious  etaina  to  have  a  certain  definite  arrangement,  Some 
;be  fibres  are  vertical  in  direction,  passing  directly  up  to  the  most 
erficial  layers  of  cells;  others  have  a  horizontal  direction,  dividing 


Wfg'^  STS.'^Tbe  priadpULl  ooastftiient  elemcDtx  of  the  gruy  eortJcal  layer  of  the  anterior 
cerebrum,    CAfier  Ramoti  y  Cojal.) 

jray  matter  into  different  layers.     These  layers  of  fibres  have  re- 

•d   different  names.     Tliey  vary  somewliat  in  accordance  with  the 

of  the  cortex  exrimiiied.     A  typical  arrangement  is  shown  in  flg. 

The  most  conspicnona  are  certain  large  triangular  or  pyramidal 


Fig.  3?3a, 


Fig.  374. 


Fig.  STSa,— SchemAlic  dtajmim  of  the  liifTerent  \ayersof  the  cerpbrnJ  < 
Oa|R]«  ]800«>    The  tauKeiiti^t  fllinw.  Vjeq  d'Azyr'n  ribbotu  BuiJIiirKer  a  iutem*!  i 


aj)d  the  whtte  itubat4inc«fLr»i  fttainti<d  rt^l ;  jbf,  tiujlucn  h* 
gpff,  layer  of  larct*  pyrAmidal  eellK;  IVi,  layer  of  p- 
Fi^:.   374— Sciiemiitlc   dinjtram  BliowSn^f  th«  an  i 
corlez.    Tbd  dotted  lloes  Bepui^te  thtj  four  c«^lJuIar  :.4 


'Pi^.  tayi^r  of  ■mall  ] 

^  eislls. 

r  the  Derre  fibres  In  the  d 
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jrannlar  or  fibriJlated,  with  large  and  diatinct  iiiicle]^  arranged 
leir  apices  toward  tiio  surface. 

)fnicai  Composiiiofi, — The  chemistry  of  nerves  and  nerve-cells  has 
lie  fly  studied  in  the  brain  and  spinal  cord.  Nerve  matter  con- 
everal  albiiminoua  and  fatty  bodies  (cerebrin,  lecithiii,  and  some 
L  also  fat  matter  which  can  be  extracted  by  ether  (including  cho- 
i)  and  various  salts,  especially  Potassium  and  Magneaiuni  phos- 
i  which  exist  in  larger  quantity  than  those  of  Sodium  and  Calcium, 
mnffemeni  of  the  parts  of  the  cerebrmn, — The  great  relative  and 
O  size  of  the  Cerebral  hemispheres  in  the  adult  man,  mafiks  to  a 


Ci 


Ma. 


ammatlc  horizontal  Bectlon  of  a  vertebrate  brain.    The  O^reH  serre  both 

;  uliof^nun.     Aflu  mid-brain:  wbAt  lies  in  front  of  this  is  the  fore-,  and  wli&t 

hind-brain;    L^  lamina  Lerminalis;    Of/,  olfactory  loti«s i    //mp,  heimisinberes; 

phiiltm:   P}i.  pineal  glaml;   Py,  ]iltnltary  body:  F,M*  foramen  of  Miinro;  c»^ 

,       .  optic  thalftmus-,  CC,    crura  cerebri :  Uie  mass  lying  above  tbt*  canal  rt'p- 

j  eorportt  qtmdri^eraina:  CK  cerel*elliim;  I— IX.  the  nine  pairs  of  cranial  nerves^  1, 
tntricle;  iJ,  taU'ml  ventricle;  3,  third  ventricle;  4,  fourUi  ventricle;  +,  Iter  a  tertio 
Qtrienltim,    (HnxleyJ 


3nt  the  real  arrangement  of  the  several  parts  of  the  brain,  which 
^ted  in  the  two  acconipunying  diagrams  (figs,  376,  376), 
these  it  is  apparent  that  the  parts  of  the  brain  are  disposed  in 
gries,  as  follows  (from  before  backward) :  olfactory  lobes,  cere- 
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bral  hemispheres,  optic  thalami,  and  third  ventricle,  corpora  quad 
gem  inn,  nr  optic  lobes,  eercbelliim,  medulla  oblongata. 

Thiii  linear  arrangeuient  of  parts  actually  occurs  in  the  homan  fa't 
and  it  is  permanent  in  some  of  the  lower  Vertebrata,  e.g,^  Fishes,  i 
wiiich  tlie  cerebral  hemispheres  are  represented  by  a  pair  of 
intervening  between  the  olfactory  and  the  optic  lobes,  and  consider! 
smaller  than  the  latter.     In  Amphibia  the  cerebral  lobes  are  fur 
developed,  and  are  larger  than  any  of  the  other  ganglia. 

In  reptiles  and  birds  the  cerebral  ganglia  attain  a  still  further  defd 
opment,  and  iu  mammalia  the  cerebral  hemispheres  exceed  in  wei| 
ail  the  rest  of  the  brain.  Aa  we  Jiscend  the  scale,  the  relative  size  of  1 
cerebmm  increases,  till  in  the  higher  apes  and  man  the  hemisphe 
which  commenced  as  two  little  lateral  buds  from  the  anterior  cereb 
vesicle,  have  grown  upward  and  backward^  completely  covering  in  \ 
hiding  from  view  all  the  rest  of  the  brain.     At  the  same  time  the  smo 


Fie.  870.— LoQRitudloiil  and  v«itlcml  dlAfframnifttlc  leotlcm  of  a  Tertebrate  brain. 
«a  before.     Lamina  u^riuiualis  iei  n>pir«0f!Di«d  bjr  tbe  strong  black  line  joinlni^  Pn 

surface  of  the  brain,  in  many  lower  mammalia,  such  as  the  rabbit,  uj 
replaced  by  the  labyrinth  of  convolutions  of  the  human  brain. 

Weight  of  the  Brain.— The  brain  of  an  adult  man  weighs  from  48  to  50  oz.- J 
or  about  JJ  IIjh,  (about  15t>0  grjiis. ) .     It  excijods  in  absolute  weight  that  of  all  i 
lower  aninialH  except  the  elephant  and  wliale.     Its  weighty  relatively  to  tkai^ 
the  hotly,  in  only   exceeded   by  that  of  a  few  small  birds,  and  some  of  I 
imaller  monkeys.     In  the  adult  niau  it  ranges  from  ^ — ^  of  the  body  i 

Variations.     Age,--\w  a  new-bora  child  the  brain  (weighing  10  to  14(X.)J 
tV  of  the  Ixxiy  weight.     At  the  age  of  7  years  the  weight  of  the  brain  J 
averages  40  oz.,  and  about   14  years  the  brain   not  infrequently  reaelifli  I 
weight  of  41^  oz.     Heyimd  the  age  of  forty  year^  tlie  weight  slowly  but* 
declines  at  the  rate  of  about  1  oz.  in  10  years. 

8e^\ — The  average  weight  of  the  female  brain  \b  less  than  the  male: 
difference   persists  from   birth  throughout  life.     In  the  adult  it  amouotl^ 
about  5  oz.     Thus  the  avenige  weight  of  an  ad  tilt  woman's  brain  is  about  44  fl 

Intelligence. — The   brains  of   idiots   are  generally  much  l>elow  the  ava 
some  weighing  less  than  16  oz.     Still  the  facts  at  present  collected  do  noli 
rant  more  than  a  very  general  statement,  to  which  there  are  numerous 
tions,    that  the  brain   weight  rorre^ponds  to  gome  extent  with  the  (iegri*^ 
intelligence.     There  can  be  little  doubt  that  the  complexity  and  depth  d 


itioQs,  whit'h  indicate  the  area  of  the  gray  matter  of  the  cortex,  corre- 
srith  the  degree  of  intellig**nce. 

ght  of  the  Sjyinal  Cort?.— The  spinal  cord  of  man  weighs  from  1— li  oz.  ; 
ight  relatively  to  the  brain  is  ahout  1  :  3<L  As  we  descend  the  scale, 
^o  coiiiitaBtly  iQcreasea  till  in  the  mouse  it  is  1  :  4.  In  culd-hkHxled 
8  the  relation  is  reverB€d,  the  Bpinal  cord  is  the  heavier  and  the  more 
ant  organ.  In  the  newt,  2 :  1  ;  and  in  the  lamprey,  75 :  1. 
Active  Characters  of  the  Human  Brain.— The  following  characters  dis- 
il  the  brain  of  man  and  a/K^s/rom  thosfe  of  all  other  an  inn  tin.  (a.)  The 
natary  condition  of  the  olfactory  lobes.  (Ih)  A  perfectly  defined  fissure 
ins.  (c.)  A  fxjsterior  lobe  completely  covering  the  cerebellum,  (d.) 
pence  of  posterior  comua  in  the  lateral  ventricteg, 

iinoet  disfinctive  jtoints  in  the  lumaii  brain^  as  contrasted  with  that  of 
re:— (L)  Tlie  much  greater  size  and  weight  of  the  whole  brain.  The 
yt  a  full-grown  gorilla  weighi*  only  aliont  15  oz.  (450  grms.)*  which  la 
in  }  the  weight  of  the  human  adult  male  brain,  and  barely  exceeds  that 
human  infaJit  at  birth.  (3.)  Tlie  much  greater  complexity  of  the  con* 
Eus,  especially  the  existence  in  the  human  hraio  of  tertiary  con  volutions 


Jn  of  the  Oranff,  %  natural  sijse,  Rhowinj^  the  arTaiip*ni*^tit  of  the  convoltitloni^ 
ne  of  Sylvius;  Ii\  t\mnTv  of  Rnlnndo;  E P^  cxtHrmil  ii-eriMchdreular  fissiiirt? ;  fJlf,  ulfnctory 
,  c^r- 'T'lltsrii  i  Pl\  pons  Viirulil-  MO.  meflulla  oblornrat^i.  As  contrasted  with  the 
iTJi  iital  iolM*  in  Mliort  and  sinall  ndatively.  the  tlssnn?  of  Sylvius  U  oblique. 

K)T'  I  Hi  lobe  verj'  prominent,  and  the  external  pt'^rpKtndlcuiar  fisftun?  very  well 


iiiie:>  of  the  fissures.  (8.)  Tlie  greater  relative  size  and  complexity,  and 
inti^  i^uadranKular  contour  of  the  frontal  lobes  in  man,  which  are 
jly  botli  broader ,  longer,  and  higher,  than  in  apes.  In  apes  the  fi'ontal 
toject  keel  like  (rostrum)  between  the  olfactory  bulbs.  (4.)  Tlie  much 
pronainence  of  the  tem]ioro-sphenoidal  lobes  in  apes-  (.l^)  The  fissure 
las  is  nearly  h(»rizontal  in  tnan,  while  in  aiM*s  it  slants  considerably  up- 
JJ.)  The  distinctness  of  the  externa!  perpt:*ndicular  fissure,  which  in 
■  well-define<l  almost  vertical  "slash,"  while  in  man  it  is  almost 
aby  the  annectent  i?yri. 
•  of  the  abctve  ixfintn  are  shown  in  the  accotiii>anying  figure  of  the  brain 


Ft^s  37S  ftud  379.— Brain  cf  do^.  viewed  from  «.bov«  nud  in  proflJe.  F^  frostiil fisBure 
tinn««i  t<*rtT!ed  crucial  Rulcua,  corn^spoudiDK  to  tlie  fissure  of  RolA&do  in  idad.  S,  As 
BvIviuB.  around  which  the  four  longritudinAl  coavolutions  are  conoentric&llj  wrocigvd;  1* 
of  head  an  tlie  neck,  in  the  mMian  line;  8,  flexion  of  head  oq  the  neck,  with  rotation 
the  aide  of  thn  Atimulua ;  B,  4.  flexion  and  extenBlom  of  anterior  limb;  5,  6,  fiexioo  and  cSI 
of  posterior  limb;  7,  B.  9,  contraction  of  orbicularis  oeull,  and  the  facial  mittclei  In  i 
Tbo  unshaded  part  Is  that  exposed  by  opentnK  the  skulL     (]l>aItoD.> 

gions  of  the  cerebral  cortex  the  stimulation  of  which  prodtioeedd 
movements  of  co-ordinated  groups  of  muscle  of  the  opposite  f^i 
the  body.     Fritsch  and  Hitzig  were  the  first  to  show  that  liie 


L. 


!>rtex  responded  to  electric  irritation.  They  employed  a  weak  con- 
b  current  in  their  expiri mentis,  applying  a  pair  of  fine  electrodes  not 
3  than  y^y  in,  apart  to  different  parts  of  the  cerebral  cortex.  The 
Its  thus  obtained  have  been  confirraed  and  extended  by  Ferrier  and  j 

J  others^  chiefly  with  induction  currents, 

Phe  fundamental  phenomena  observed  in  all  these  cases  may  be  thus 
omized : —  j 

i).   Excitation  of  the    same  spot  is  always  followed  by  the  same  • 

dment  in  the  same  animal.     (2).  The  area  of  excitability  for  any  ; 

a  movement  is  extremely  snudl,  and  admits  of  very  accurate  defini-  ] 

(3).   In  differen  t  an  i  luals  cxe  i  tiit  i  ons  of  anatom  ically  cor  respond!  ng  ' 

I  produce  similar  or  eorrcKponding  results,  j 

rhe  various  definite  movements  resulting  from  the  electric  stimulation  ^ 

xcumscrihed  areas  of  the  cerebral  cortex,  are  enumerated  in  the  de- 
ition  of  the  accompanying  figures  of  the  dog  and  monkey's  brain.  ' 

n  the  ease  of  the  dog,  the  results  obtained  are  summed  up  as  fol-  i 

p  by  Hitzig:—  | 

0,.)  One  portion   (anterior)   of    the  convexity  of  the  cerebrum  is  I 

»r;  another  portion  (posterior)  is  non-motor,     (b.)  Electric  stimu-  i 

n  of  the  motor  portion  produces  co-ordinated  muscular  contraction 
be  opposite  side  of  tli©  body.     {t\)  With  very  weak  currents,  the  ' 

factions  produced  are  distinctly  limited  to  particular  groups  of 
;les;  with  stronger  currents  the  stimulus  is  communicated  to  other  i 

5leB  of  the  same  or  neighboring  parts,     (c/.)  The  portions  of  the  , 

1  intervening  between  these  motor  centres  are  inexei table  by  similar 

Wotorutl  arm  of  the  Monkey\^  ^rfifm.— According  to  the  observations  ' 

Brrier,  confirmed  and  extended  by  later  experimenters,  stimulation  I 

prions  parts  of  the  monkey's  brain,  as  indicated  by  the  numbers  in  { 

380,  381,  produces  movements  of  definite  muscles,  thus: —  i 

»timulation  of  the  district  marked  1,  causes  movement  of  hind 
:  of  2,  chiefly  adduction  of  the  foot;  of  3,  movements  of  hind  foot  i 

tail;  of  4,  of  ktlssiraus  dorsi ;  of  5,  extension  forward  of  arm;  rt,  ' 

rf,  movements  of  hand  and  wrist;  of  6,  supination  and  flexion  of 
Mm;  of  7,  elevation  of  the  upper  lip;  of  8j  conjoint  action  of  eleva- 
of  upper  lip  and  depression  of  lower;  of  9,  opening  of  mouth  and 
msioB   of  tongue;    of  10,   retraction  of  tongue;  of  11,  action  of  I 

fsma;  of  12,  elevation  of  eyebrows  and  eyelids,  dilatation  of  pupils, 
turning  head  to  opposite  side;  of  13,  eyes  directed  to  opposite  side 
upward,  with  usually  contraction  of  the  pupils;  of  13',  similar 
m,  but  eyes  usually  directed  downward;  of  14,  retraction  of  oppo- 
ear,  head  turns  to  the  opposite  side,  the  eyes  widely  opened,  and 
la  dilated;  of  15,  stimulation  of  this  region,  which  corresponds  to 
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the  tip  of  the  oneinate  eonToIution,  causes  torsion  of  the  lip  and  no 
of  the  same  side. 

It  is  thus  seen  that  the  motor  areas  chieilj  correspond  with 
ascending  frontal  and  ^iscending  parietal  coBvolutions,  and  that 
movements  of  the  leg  are  repreeented  at  the  upper  ]mrt  of  these 
volutions,  then  follow  from  above  downward  the  centres  for  the 
tlie  face,  the  lips,  and  the  tongue. 

Aeeording  to  the  further  researches  of  Schaferand  Horaley,  electria 
stimulation  of  the  marginal  convolution  internally  at  the  parts  con 
spending  with  the  ascending  frontal  and  parietal  c^nrolutionjj, 


i 

4r 


FJg.  mo.  Tig,  aai. 

Vtga  990  and  3M1.— Dia^nims  of  monkey ^s  bmlD  to  Khow  tht>  efTeots  of  electric  stimulotioo  af«l 
tain  spots,     c  AccordinR  to  Ferrier) 

before  backward,  produces  movements  of  the  arm,  of  the  trunk, 
of  the  leg. 

A  good  deal  of  doubt  was  thrown  upon  the  experiments  of  Fen 
by  Goltz  and  other  observers,  from  the  results  of  excising  the  i 
motor  areas  of  the  dog's  brain.     It  was  found  that   the  part  mig 
sliced  away  or  washed  away  with  a  stream  of  water,  but  that  no 
nent  paralysis  ensued. 

lilore  extensive  observations  however,  have  confirmed  Ferrier's  origin 
statement,  at  any  rate  with  regard  to  the  monkey's  brain.  Destnictic 
of  the  motor  areas  for  the  arm  produces  at  any  rate  some  pennant 
paralysis  of  the  arm  of  the  opposite  side,  and  similarly  of  that  forthl 
leg,  paralysis  of  the  oppoeite  leg.  If  both  areas  are  destroyed  pern 
hemiplegia  ensues.     Paralysis  of  so  extensive  and  permanent  cl 
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not,   however,  appear  the  rule  when  the  brain  of  a  dog  is  used 
iBtead  of  that  of  the  monkey.     It  is  Buggested  that  10  the  animal  lower 
the  scale^  the  functions  which  in  the  monkey  are  discharged  by  the 
irtic^  centres  may  be  subserved  by  the  basal  ganglia. 

Motor  ial  Areas  of  the  Hmmifi  Brain. ^-It  is  naturally  of  great  impor- 
nce  to  discover  how  far  the  result  of  experiments  upon  the  dog  and 
lonkej  hold  good  with  regard  to  the  human  brain.     Evidence  furnished 
dieeafied  conditions  is  not  wanting  to  support  the  general  idea  of  the 
fiice  of  cortical  raotorial  centres  in  the  human  brain  (fig,  3S2), 


■;rt^*^ 


///»T 


(^. 
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FUr.  aaa,— The  Cortical  Centre*.     (Batia,) 

80  far,  however,   it  has  Ijeen  possible  to  localize  motor  functions  in 

I  frontal  and  ascending  parietal  convolutions  only,  to  the  convolutions 

ich  bound  the  fissure  of  Rolando,  and  to  those  on  the  inner  side  of 

hemispheres  which  correspond  thereto,  and  possibly  to  the  frontal 

in  front  of  the  ascending  convolution. 

The  position  of  the  centres  is  probably  much  the  same  as  in  the  mon- 

fs  brain — those  for  the  leg  above,  those  for  the  arm,  face,  lips,  and 

ae  from  above  downward.     Destruction   of  these  parts  causes  pa- 

B,  corresponding  to  the  district  affected,  and  irritation  causes  con- 

ons  of  the  muscles  of  the  same  part.     Again,   a  number  of  cases 

on  record  in  which  aphakia,  or  the  loss  of  power  of  expressing  idciis 

words,  has  been  a^ociated  with  disease  of  the  posterior  part  of  the 

or  third  frontal  convolution  on  the  left  side.     This  condition  is 

ally  associated  with  paralysis  of  the  right  side  (right  hemiplegia). 

This  district  of  the  brain  is  now  generally  known  as  the  motor  area; 

there  seems  no  doubt  whatever  that  from  this  area  pass  the  nerve- 
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jSbres  which  proceed  to  the  spinal  cord,  and  are  there  represei 
the  pyramidal  tracts. 

This  is  the  reason,  no  doubt,  that  movements  are  produced  on 
lation  of  the  white  matter  after  the  superficial  gray  matter 
animars  brain  has  been  sliced  off. 

Motor  tracts  in  the  brain. — These  motor  fibres  are  connected  \< 
pyramidal  cells  of  the  cortex,  and  are  indeed  their  continuations 

It  will  bo  necessary,  therefore,  to  trace  them  from  the  cortex 
ward.     From  the  motor  area  of  the  cortex  they  converge  to  th< 


Fig:.  383. —Diagram  to  show  the  connecting  of  the  Frontal  CKJcinital  I^bes  with  t 
belluuu  etc.  The  (lotted  lines  |>ussing  in  the  crusta  (toc),  outside  the  motor  fibres^  iod 
connection  l>etwe«*n  the  temporo-occii)ital  lobe  and  the  cerebellum,  f.c.  »  the  fronto-o 
fibres,  which  [)ji8s  internally  to  the  motor  tract  in  the  crusta;  i,f. ,  fibres  from  the 
nucleus  to  the  pons,  fr.,  frontal  IoIkj;  Oc,  occipital  lobe;  af.,  ascending  frontal:  ap. 
ing  parietal  convolutions:  per.,  precentral  fissure  in  front  of  the  ascending  frontal  com 
PR.,  fissure  of  Rolando;  ipp.,  interparietal  fissure,  a  section  of  cms  is  lettered  on  the  1 
SN..  suhstimtia  nigra;  i»y.,  pj-ramidal  motor  fibre,  which  on  the  right  is  shown  as  co 
line«*  converging  to  pass  through  the  posterior  limb  of  ic.  internal  capsule  (the  knee  • 
of  which  is  shown  thus*)  upward  into  the  hemisphere  and  downward  tnrough  the  pons 
at  the  nuMlulla  in  the  anterior  pyramids,     c^^owers.) 

7ial  rffjKsfflcs^  and  pass  down  to  the  crusta  of  the  crus  in  the  way  a 
indiciited. 

In  the  internal  capsule  the  fibres  which  pass  onward  and  dow 
to  the  pyramidal  tracts  of  the  spinal  cord  do  not  occupy  more  t 
small  section,  namely,  that  ])art  known  as  the  knee,  and  the  ar 
two- thirds  of  tlie  posterior  segment  (fig.  384).  In  this  distri" 
fibres  for  the  face,  arm,  and  leg,  are  in  this  relation:  those  for  tli 
and  tongue  are  just  at  the  knee,  and  below  or  behind  them  coe 
the  ti'hres  for  the  arm  and  then  those  for  the  leg. 

The  more  accurate  arrangement  of  these  fibres  in  the  monkey's 
from  above  down  are  those  for  tlie  eye,  head,  tongue,  mouth,  she 


^w,  digits,  abdomen,  lip,  knee,  digits*  These  fibres  come  for  the 
mt  part  from  the  part  of  the  cortex  on  either  side  of  the  fissure  of 
»lando,  hence  called  the  Eolmidic  area  on  either  side.     But  the  areas 
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Vlar.  384,  — Diafn^m  tfi  abow  the  rplativi?  po^JtlouR  of  the  several  motor  tractK  In  their  course 
m  One  cortex  to  tlie  cruB,  Tlie  eectloa  throuKh  th*^  <?oiiTolutioti  in  vertical ;  that  throuKh  the 
J  cmnmie,  I,  i\  horiiEoatal;  that  throii|<h  tht*  enj»  Oifiiain  verticaL    C,  K.  caudate  oueleus; 

optic  thalamus;  JJt  and  LS^  middle  and  <ajter  pan  of  lt>Dticulai'  tiiicleus:  /,  a,  L  face, 

,  auod  legflbrea.    The  wordi  lit  ttaltc  Indicate  i.'wrrfppttnding  eortical  ceotres.     ((lowers  ) 

the  head  and  eyes  lie  more  anterior  in  the  frontal  lobe,  to  tht*  front 
iihe  precentral  snlciiB,  that  for  the  head  above  that  for  the  eyes,  and 
area  for  the  trunk  (not  indicated  in  the  fig.  383),  is  situated  more 

rd  the  middle  line  of  the  hemiaphere,  internal  to  that  for  the  leg, 
Bot  there  are  other  fibres  which  are  arranged  in  front  of  the 
iidal  fibres  in  the  front  limb  of  the  capsule,  as  well  as  others  behind 
in  the  hind  limb  of  the  capsule.  Those  in  front  are  from  the 
part  of  the  frontal  lobe,  and  these  in  passing  into  the  crus  are 
on  the  median  side  of  the  pyramidal  fibres  (fig.  383)*  They 
to  end  in  the  gray  matter  of  the  pons,  and  there  to  be  connected 
i  fibres  from  the  middle  peduncle  of  the  opposite  side  of  the  cere- 
ktm.  Those  behind  the  pyramiilal  fibres  in  the  hind  limb  of  the  cap- 
are  from  the  temporal-ucciplial  lobe.  These  fibres  pass  into  the  cms 
outer  side  of  the  pyramidal  fibres  (fig.  383),  they  probably  also 
in  the  gray  matter  in  the  same  wuy.  There  are  other  fibres  from  tho 
^is  striatum,  from  both  unclei,  but  particularly  from  the  caudate 
ag,  which  pass  to  the  crus,  and  are  situated  between  the  pyramidal 
Imnd  the  locus  niger  (fi^,  383),  some  of  which  terminate  in  that 
aa,  while  others  terminate  in  the  )>ou8.  Besides  the  above  fibres, 
'^f  which  are  believed  to  be  clTerent  fibres,  and  are  at  any  rate  fibres 
leflcending  degeneration,  tiiere  are  fifjres  which  pass  from  the  cortex 
f%he  optic  t]ia1amus  and  tegmentum,  fibres  of  asceudtng  degeneration 
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found  in  ttie  internal   capsule,   viz.,   those  from   the  frontal  lol 
situated  at  the  extreme  tip  of  the  front  limb,  in  front  of  the  motor 
from  the  same  district,  and  others  from  the  temporal-occipital  distri 
converge  to  the  posterior  \MVi  of  the  hind  limb.     Those  passing  beti 
the  occipital  lobe  and  the  optic  thalamus  are  believed  to  be  com 
with  vision,  and  are  called  fibres  of  the  optic  radiation. 

It  may  be  as  well  to  mention  here  that  some  other  fibres  bom 
temporo- occipital  lobe  pass  into  the  optic  thalamus,  without  formis 
part  of  the  internal  capsule. 

The  optic  thalamus  then  receives  fibres  from  nearly  all  parts  of 
cerebral  cortex,  some  of  which  are  not  found  in  the  internal  caj 
The  tetjmentum,  the  allerent  or  sensory  tract  of  the  cms  to  a  grt;fate3i 
tent  ends  in  the  optic  thalamus,  and  is,  therefore,  connected  through  1 
with  nearly  all  parts  of  tlie  cortex,  indirectly.  It  is  also  more  dirwcti 
connected  with  cortex  (a)  by  fibres  of  the  optic  radiation  which  do  no 
go  to  the  optic  thalamus,  (h)  by  fibres  from  the  frontal  and  parietd 
lobes,  which  pass  through  the  lenticular  nucleus,  and  (c)  by  fibres  frrai 
both  the  lenticular  and  caudate  nuclei  of  the  corpus  striatum. 

In  the  tegmentum  the  longitudinal  fibres  maybe  thus  enumerated  h 

(a.)  The ///<?/,  which  consists  of  fibres  from  the  sensory  decussation  g| 


?^ 


Flic,  885.— VertlcaJ  frectlon  through  the  cerebrum  and  basic  gangrlia  to  9>ho\x  fl^^  n-Liti  .m  t 
the  latter,     co,  cerebral  comrolutions;  r,e,  corpus  callosuin;   f?J.,    bi 
vJlL,  third  veotriole;  h.c.  caudauj  nucleus;  tn.  optle  tlmlamus;  n 
iat^mnX  capsule;  rJ.,  claustnmi;    c.«^.,  external  capsule;   m,  corjMi- 
tract;  $.t.t.^  stria  bermlnalis ;  n,a.,  nucleus  auiygdaue;  cm,  soft  couimi^isure.     vbchwalL-i;    _, 

the  bulb,  which  becomes  longitudinal  in  the  int-er-oli vary  region 
its  course  upward,  from  masses  of  gray  matter,  such  as  the  - 
olive;  it  divides  into  two  bundles,     (i.)  Lateral^  ends  in  gray  mi 
of  posterior  corpus  quadrigeminum  and  in  white  matter  beneath ' 
anterior,  and  \ii.)  imdiuHy  ends  in  anterior  corpus  quadrigeminam i 
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the  corpus  subthalainicum,  thence  to  the  optic  thalamus  and  the  cere- 
bral cortejc. 

(if.)  Posterior  lomjitudinal  buv(Ue»,~K  bundle  of  fibres  which  appear 

begin  the  bulb  a^  certidu  librt^s  of  the  anterior  column  of  the  curd, 

hich  are  the  short  longitudinal  commissures  between  segments  of  the 

cord.     It  is  tracenble  upward  as  far  as  the  nucleus  of  the  third  nerve. 

It  is  supposed  to  connect  the  nuclei  of  the  fourth  and  sixth  nerves  with 

the  third,  and  with  the  anterior  corpus  quadrigeminum. 

(c. )  Superior  pedunrle  of  the  cereMUmn, — This  arises  on  either  side 
from  the  superticiid  gray  matter,  but  eliiefly  from  the  corpus  dentatuni, 
»nd  passes  forward  outward  beneath  the  posterior  corpus  quadrigeminum, 
and  beneath  it  and  the  anterior  corpus  qustdrigeminum  decussates  with 
its  fellow;  the  fibres  then  pass  forward  in  the  anterior  district  of  the 
t^meutiim  and  end  in  the  red  nucleus- 

(r/.)   Fibres  from  the  corpora  quadrifjemina, — From  each  corpus  quad- 
rigemiuum  passes  forward  and  dowuvviird   a  tract  culled  the  lirachiiim. 
The  anterior  brachium  goes  to  the  lateral  corpus  genicnlattim,  and  then 
to  the  optic  tract,   other  fibre?  paas  into  the  tegmentum,  and  thonce 
directly  to  the  occipital  cortex.     The  posterior  brachium  goes  to  the 
ledian  corpus  geniculatum,  thence  to  the  tegmentum,  and  through  it 
Iblj  to  the  temporal  region  of  the  cerebral  cortex. 
Commissural  jihres, — In  addition  to  the  fibres  of  the  corpus  cailosum, 
hich  connect  all  parts  of  the  hemispheres,  and  fornix,  there  are  three 
other  commissures,  the  anterior    white  commissure,  and  the  posterior 
white  commissure  in  the  tliird  ventricle  connect  by  white  fibres  the  two 
of  the  brain.     The  fibres  in  the  anterior  come  from  the  temporo- 
henoidal  convolution  chiefiy,  but  a  few  are  part  of  the  olfactory  tract, 
le  posterior  connects  the  optic  thalanii  and  tegmenta.     The  middle 
chielly  composed  of  gray  matter,  but  also  contains  some  transverse 


Functions  of  the  Cerebrum. 

Speaking  in   the  moat  general  way,  and  for  the  present  omitting 
be  accumulating  evidence  in  favor  of  the  direct  representation  of  the 
rious  co-ordinated  movements  of  the  muscles  of  the  body  in  ganglia 
Intnated  in  different  parts  of  the  cerebral  cortex,  it  may  be  said  that: — 
[1.)  The  cerebral  liemispheres  are  the  organs  by  which  are  perceived 
l&oae  clear  and  more  impressive  sensations  which  can  be  retained,  and 
irding  which  we  can  jtiflge.     (2.)  The  cerebrum  is  the  organ  of  the 
in  so  far  at  least  bm  each  act  of  the  will  requires  a  deliberate,  bow- 
er quick  determiDation.     (3.)  It  is  the  means  of  retaining  impressions 
sensible  things,   and  reproducing  them  in  subjective  sensations  and 
3as.     (4.)  It  is  the  medium  of  all  the  higher  emotions  and  feelings,  and 
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of  the  faculties  of  judgment,  understanding,  memory,  reflection,  induc- 
tion, imagination  and  the  like. 

Evidence  regarding  the  physiology  of  the  cerebral  hemispheres,  has 
been  obtained,  as  in  the  case  of  other  parts  of  the  nervous  system,  from 
the  study  of  Comparative  Anatomy,  from  Pathology,  and  from  Eiperi- 
ments  on  the  lower  animals.     The  chief  evidences  regarding  the  func- 
tions of  the  cerebral  hemispheres  derived  from  these  various  sources,  are 
briefly  these: — 1.  Any  severe  injury  of  them,  such  as  a  general  concos- 
sion,  or  sudden  pressure  by  apoplexy,  may  instantly  deprive  a  man  of  aD 
power  of  manifesting  externally  any  mental  faculty.     2.  In  the  same 
general  proportion  as  the  higher  mental  faculties  are  developed  in  the 
Vertebrate  animals,  and  in  man  at  different  ages  and  in  different  indi- 
viduals, the  more  is  the  size  of  the  cerebral  hemispheres  developed  in 
comparison  with  the  rest  of  the  cerebro-spinal  system.     3.  No  other  part 
of  the  nervous  system  bears  a  corresponding  proportion  to  the  develop- 
ment of  the  mental  faculties.     4.  Congenital  and  other  morbid  defecta    ; 
of  the  cerebral  hemisphere  are,  in  general,  accompanied  by  correspond-   ^ 
ing  deficiency  in  the  range  or  power  of  the  intellectual  faculties  and  th« 
higher  instincts.     5.  Bemoval  of  the  cerebral  hemispheres  in  one  of  the   ; 
lower  animals  produces  effects  corresponding  with  what  might  be  antici-   i 
pated  from  the  foregoing  facts. 

Effects  of  the  Benioval  of  the  Cerebrum.  — The  removal  of  the  cere-    ' 
brum  in  the  lower  animals  appears  to  reduce  them  to  the  condition  of  a 
mechanism  without  spontaneity. 

In  tlio  case  of  the/m/,  when  the  cerebral  lobes  have  been  removed, 
tho  aninnil  appears  similarly  deprived  of  all  power  of  spontaneous  mofe- 
nieiit.  But  it  sits  up  in  a  natural  attitude,  breathing  quietly;  when 
pricked  it  jumps  away;  when  thrown  into  the  water  it  swims;  when 
j)la('»Ml  upon  tho  palm  of  the  hand  it  remains  motionless,  although,  if 
th(»  hand  be  gradually  tilted  over  till  the  frog  is  on  the  point  of  losing 
his  halaneo,  he  will  crawl  up  till  he  regains  his  equilibrium,  and  coma 
to  ]>«»  perched  (piite  on  the  edge  of  the  hand.  This  condition  contrasta 
with  that  resulting  from  tho  removal  of  the  entire  brain,  leaving  only 
the  spinal  cord;  in  this  case  only  the  simpler  reflex  actions  can  take 
place.  The  frog  does  not  breathe,  he  lies  flat  on  the  table  instead  of 
sitting  up;  when  thrown  into  a  vessel  of  water  he  sinks  to  the  bottom; 
when  his  legs  are  pinched  he  kicks  out,  but  does  not  leap  away. 

A  J)  if /con  from  which  the  cerebrum  has  been  removed  will  remain 
motionless  and  apparently  unconscious  unless  disturbed.  When  dis- 
turbed in  any  way  it  soon  recovers  its  former  position;  when  thrown 
into  the  air  it  flies. 

In  mammals  it  is  difficult  to  remove  the  cerebral  hemispheres,  but  in 
those  animals  in  which  the  operation  has  been  carried  out,  as  forexampl* 
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In  the  rabbit  and  rat,  a  result  very  similar  to  those  observed  in  the  case  of 
the  frog  ami  pigeon  has  been  obtaimnL  The  aninml  is  able  to  maintain  its 
|<|uilibriuni,  to  run  or  jump,  and  in  fa^t  carry  out  all  the  most  compli- 
cated co-ordinated  movements,  but  it  is  unable  to  originate  tliem  without 
pimulatiun.  In  the  case  of  the  dog,  however,  it  has  been  found  impoe- 
isible  to  remove  the  whole  brain,  but  when  it  has  been  removed  piece- 
mfijil  the  animal  may  be  kept  alive  for  some  time,  and  can  carry  out  co- 
ordinated movements  well,  and  even  manifest  intelligence. 
I  It  is  quite  evident,  therefore,  that  the  apparatus  for  carrying  out  co- 
ifirdinated  movements  is  in  these  animals  not  localized  either  in  the  cere- 
nrom  or  in  the  spinal  cord,  and  must  therefore  be  connected  in  some 
rw»y  with  the  parts  of  the  brain  below  the  cerebrum  and  above  the 
icord.  There  is  no  reason  why  such  an  arrangement  may  not  be  supposed 
BO  exist  in  the  human  brain. 
\     We  must  look  upon  the  cerebrnm,  however,  for  the  originator  of  vol- 

Entar}^  nmvementa* 
As  regards  the  theory  of  the  localization  of  different  movements  in 
ifferent  parts  of  the  cerebral  cortex  which  as  we  have  seen  has  received 
E'  much  support  from  observation  on  aninuds  such  as  the  dog  and  the 
onkey,  at  any  rate,  we  may  say  that  certain  parts  of  the  cerebral  cortex 
•pear  to  be  highly  sensitive  to  electrical  stimuli,  particularly  the 
feolandic  area  and  the  frontal  lolie  in  fnmt  of  it.  Stimulation  of  cer- 
fain  other  regions,  viz.,  of  the  occipital  region,  of  the  parietal  and  tern- 
^ral  region,  and  of  the  gyrus  fornicatns  and  the  frontal  region  in  front 
ft  the  motor  area,  does  not  give  rise  to  such  movements,  Such  ohserva- 
■0116  as  it  has  been  possible  to  make  on  man  show  that  the  localization 
if  movement  on  the  human  cerebral  cortex  is,  if  anything,  superior 
b  that  observed  in  monkeys.  We  have,  of  course,  but  few  data  upon 
ffaich  to  bafie  our  conclusion,  except  such  as  have  been  obtained  from 
|he  observation  of  the  symptoms  of  disease,  but  with  the  help  of  these 
b  may  assume  that  in  the  cerebral  cortex  the  co-ordinated  movements 
I  the  body  in  some  way  are  represented.  The  cases  which  have  given 
rmost  of  our  knowledge  upon  the  subject  are  those  in  which  hiiemorrhagts 
mve  occurred  in  different  parts  of  the  brain,  followed  by  paralysis  of 
le  opposite  side  of  the  body.  These  hfemorrhages  chiefly  occur  in 
leighborhood  of  the  corpus  striatum.  The  paralysis  of  the  extremities 
tieally  permanent,  althougli,  as  a  rule,  the  muscles  connected  with 
tnmk  are  not  paralyzed.  This  means  that  some  interruption  has 
en  place  between  the  cerebral  cortex  and  the  paralyzed  muscles,  and  if 
le  lesion  is  a  destroying  one,  the  connection  is  never  re-established .  In  the 
|86  of  the  animals,  such  as  the  dog,  this  is  not  the  case,  as  the  paralysis 
\  temjxjrary.  It  is  supposed  that  in  man  not  only  the  more  highly 
allied   movements  but  all    voluntarv  movements  of    the  nutscles  are 
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actually  represented  in  the  cortical  areas,  and  that  the  pyramidal  tract 
are  actually  essential  for  voluntary  movements.  If  the  pyramida 
tracts  be  partially  or  wholly  destroyed,  anywhere  in  their  course,! 
paralysis  corresponding  with  the  amount  destroyed  invariably  followa 
In  the  dog  experiments  have  shown  that  this  is  not  the  case,  and  th 
conduction  of  voluntary  impulse  to  muscles  may  take  place,  for  example^ 
in  other  parts  of  the  cord  besides  the  pyramidal  tract,  after  hemisection. 

The  pyramidal  tracts  in  man,  however,  must  be  considered  shorn 
the  only  path  connecting  the  cortical  centres  with  the  co-ordinated 
centres  lower  down  in  the  brain,  as,  for  example,  in  the  bulb.  The 
impulses  which  pass  down  from  the  cortex,  whatever  they  may  be,  tPB 
not  however  of  necessity  connected  with  consciousness,  and  many  volun- 
tary movements  of  a  complicated  nature  may  take  place  really  better  with- 
out consciousness  than  with  it.  This  is  shown  in  such  co-ordinated 
movements  as  writing,  walking,  marching,  and  the  like,  all  of  which  a» 
acquired  with  time  and  much  labor,  but  when  once  perfect  in  thf 
individual,  can  best  be  performed  without  voluntary  effort  Sack 
movements  must  be  represented  by  impulses  passing  in  the  pyramidal 
tracts,  for  if  they  are  interrupted,  the  movements  are  no  longer  pe^ 
formed. 

What  actually  originates  a  voluntary  action,  or  one  performed  bf 
au  effort  of  the  will,  we  are  unable  to  say.  No  doubt  impulses  from  the 
periphery  conducted  to  the  cerebral  cortex  along  all  kinds  of  affercDt 
cliannels  must  have  something  to  do  with  it;  directly  or  indirectlj, 
sooner  or  later.  In  the  human  cortex  it  would  seem  that  the  apparatni 
for  performing  all  manner  of  possible  co-ordinated  movements  which  mir 
result  in  speech  or  action,  are  stored.  This  apparatus  is  capable  of 
being  set  in  action  cither  in  tlio  absence  of  consciousness  by  afferent 
stimuli  of  some  kind  directly,  or  by  what  may  be,  indirectly  or  remotely, 
in  some  way  the  result  of  afferent  stimuli,  viz.,  the  will.  It  is  also  prob- 
able that  the  will  of  another  may  take  the  place  of  the  man's  own  vill^ 
and  may  call  for  the  movements,  actions,  and  speech,  all  of  which  are» 
as  it  were,  ready  to  be  called  forth  by  a  stimulus  of  some  kind.  It  mif 
bo  supposed  that  the  condition  of  development  of  the  brain  inherited  bf 
the  individual  has  something  to  do  both  with  the  potentialities  of  ti» 
apparatus  for  co-ordinated  acts,  which  he  receives  at  birth,  and  with  th* 
way  in  which  the  apparatus  is  set  in  motion.  j 

Unilateral  Action. — Respecting  the  mode  in  which  the  brain  di^ 
charges  its  functions,  there  is  no  evidence  whatever.  But  it  appeiflH 
that,  for  all  but  its  highest  intellectual  acts,  one  of  the  cerebral  hemi-^ 
spheres  is  sufficient.  For  numerous  cases  are  recorded  in  which  m^ 
mental  defect  was  observed,  although  one  cerebral  hemisphere  wa8» 
disorganized  or  atrophied  that  it  could  not  be  supposed  capable  of  dii-i 
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llarging  its  functions.  The  reoiaiDing  hemisphere  was,  in  theae  cases, 
^equate  to  the  functions  geueTaily  dischargtHl  by  both;  but  the  mind 
Id€s  not  seem  in  any  of  these  cases  to  have  been  tested  in  very  high 
lltellectnal  exercises;  so  tliat  it  is  not  certain  that  one  hemisphere  will 
ttlfice  for  these.  In  general,  the  brain  combines,  as  one  sensation*  the 
mpreesions  which  it  derives  from  one  object  through  both  hemispheres, 
lid  the  ideas  to  which  the  two  such  impressions  give  rise  are  single.  In 
fektion  to  common  sensation  and  the  efforts  of  the  will,  it  must  always 
le  remembered  that  the  impressions  to  and  from  the  hemispheres  of  the 
rain  are  carried  across  the  middle  line;  so  that  in  destruction  or  com- 
(ression  of  either  hemisphere,  whatever  effects  are  produced  in  loss  of 
BDsation  or  voluntary  motion,  are  observed  on  the  side  of  the  body 
ipposite  to  that  on  which  the  brain  is  injured. 

Sleep. — All  parts  of  the  iKidy  which  are  the  seat  of  active  change  require 
iwitxls  of  re^*t.  The  alternation  of  work  and  rest  is  a  necessary  conditioti  of 
lieir  maintenance,  and  of  the  healtlij  performance  of  their  functions.  These 
Itemating  |)eri(xis,  however,  differ  mueli  in  duration  in  different  cases  ;  but, 
braoj  individual  instance^  thej^  preserve  a  general  ami  rather  close  uniformity. 
9iU5,  as  before  inentiooed,  the  i>erio<ls  of  rest  aud  work,  in  tlie  case  of  tlie 
etrt,  occupy »  each  of  them.  alM>ot  half  a  second  ;  in  the  case  of  tfie  ordinary 
^iiBtory  muscles  the  periculs  are  aWut  four  or  five  times  as  long.  In  ruany 
■ei,  again  {as  of  the  vohintary  nnisicles  durtiig  violeut  exercise),  while  the 
mods  during  active  exertion  alteriiale  very  frequently,  yet  the  expenditure 
Dfs  far  ahead  of  the  repair,  and,  to  comjieusate  for  this,  an  after  repose  of 
)ttie  hours  becomes  necessary  ;  the  rhythm  being  less  fierfect  rs  to  tinic,  tlion 
\  the  case  of  the  muscles  concerne^l  in  circulation  and  respiration. 

Obviously »  it  would  be  impossible  that,  in  the  case  of  tlie  brain,  there 
icmld  be  short  periods  of  activitjand  repose,  or  in  other  words,  of  consciouB- 
tos  and  unconsciousness.  The  repose  must  occur  at  long  intervals;  and  it 
lOfit  therefore  be  proimrtionately  long,  Hence  the  necessity  for  that  condition 
hicli  we  call  Sleep;  a  condition  which  seeming  at  firsst  sight  exceptional,  is 
ily  an  unusually  perfect  example  of  what  occurs,  at  varying  intervals,  in 
rery  actively  working  portion  of  our  h<Mlies. 

A  temponm'  abrogation  of  the  functions  of  the  cerebrum  imitating  sleep. 
By  occur,  iu  the  case  of  injury  or  diyease,  as  the  consequence  of  two  appar- 
itly  widely  different  conditions.  Insensibility  is  equally  produced  hy  a 
flcietit  and  an  eiVix^ifit'ii  quantity  of  Idood  within  the  cranium  (coma)  ;  but  it 
ift  once  mippoeed  that  the  latter  *>lTer*nl  tlie  truest  analogy  to  the  normal  con- 
lioQ  of  the  brain  in  sleep,  and  in  the  absence  of  any  proof  to  the  contrary, 
fc?  brain  waa  said  to  l>e  during  sleep  CO nf/f'»/t'ti  Direct  expt?ri mental  inquiry 
B  led,  however,  to  the  opi>«»t5ite  concluHion. 

By  exposing,  at  a  circumscribed  si»ot.  the  svu^face  of  the  brain  of  living 
SiDalg,  and  protecting  the  exposed  pirt  by  a  watch-glass,  Durham  was  able 
l|)irove  that  tlie  brain  becomes  visibly  paler  (aufeinicj  during  sleep;  and  the 
temia  of  the  optic  disc  during  sleep,  observetl  by  Hnghlings  Jackson,  may 

taken  as  a  strong  conlirmation.  by  analogy*,  of  the  sfirue  fact. 

A  very  little  consideration  will  show  that  these  exi>eri mental  results  corre- 
exactly  with  what  might  have  been  forctohl  from  the  analogy  of  other 


i 


638  HANDBOOK   OF   PHYSIOLOGY. 

physiological  conditions.  Blood  is  supplied  to  the  brain  for  two  partly  dis 
tinct  purposes.  (1.)  It  is  supplied  for  mere  nutrition's  sake.  (2.)  It  isneoes 
sary  for  bringing  supplies  of  potential  or  active  energy  {i.e.,  eombtutibU mattt 
or  heat)  which  may  be  transformed  by  the  cerebral  oorpuscles  into  the  Tariou 
manifestations  of  nerve- force.  During  sleep  blood  is  requisite  for  only  the  fin 
of  these  purposes;  and  its  supply  in  greater  quantity  would  be  not  ooi] 
useless,  but  by  supplying  an  excitement  to  work,  when  rest  is  needed,  would  bi 
positively  tuurmful.  In  tliis  respect  the  varying  circulation  of  blood  in  th 
brain  exactly  resembles  that  which  occurs  in  all  other  energy-transfonDUij 
parts  of  the  body ;  e.g. ,  glands  or  muscles. 

At  the  same  time,  it  is  necessary  to  remember  that  the  normal  ansmia  of 
the  brain  which  accompanies  sleep  is  probably  a  result,  and  not  a  cause  of  the 
quiescence  of  the  cerebral  functions.  What  the  immediate  cause  ci  thii 
periodical  partial  abrogation  of  functions  is,  however,  we  do  not  know. 

Somnambulism  and  Dreams. — What  we  term  sleep  occurs  of  ten  in  very  differ- 
ent degrees  in  different  parts  of  the  nervous  system ;  and  in  some  parts  the 
expression  cannot  be  used  in  the  ordinary  sense. 

The  phenomena  of  dreams  and  somnambulism  are  examples  of  diffeno; 
degrees  of  sleep  in  different  parts  of  the  cerebro-spinal  nervous  system.  In  the 
former  case  the  cerebrum  is  still  partially  active ;  but  the  mind-products  of  ik 
action  are  no  longer  corrected  by  tho  reception,  on  the  part  of  the  skepiog 
sensorium,  of  impressions  of  objects  belonging  to  the  outer  world;  neither  cii 
the  cerebrum,  in  this  half -awake  condition,  act  on  the  centres  of  reflex  acticB 
of  the  volimtary  muscles,  so  as  to  cause  the  latter  to  contract— a  fact  withii 
the  painful  experience  of  all  who  have  suffered  from  nightmare. 

In  somnambulism  the  cerebrum  is  capable  of  exciting  that  train  of  reflex 
nervous  action  which  is  necessary  for  progression,  while  the  nerve-centre  rf 
muscular  sense  (in  the  cerebellum?)  is,  presumably,  fully  awake;  butthe*"- 
sorium  is  still  asleep,  and  impressions  made  on  it  are  not  suflSciently/^i^to 
rouse  the  cerebrum  to  a  comparison  of  the  difference  between  mere  ideas* 
memories  and  sensations  derived  from  external  objects. 

The  centres  for  muscular  co-ordinations, — In  asserting  that  the  co- 
ordination of  complicated  muscular  movements  is  connected  with  th 
middle  parts  of  the  brain  below  the  cerebrum  and  above  the  bulb,  wi 
were  stating  a  fact  deduced  from  experiments  upon  animals.  It  is  diffi 
cult  to  understand  the  exact  way  in  whicli  these  parts  of  the  brain  an 
concerned.  It  appears,  however,  that  co-ordinated  movements  soch  i 
standing,  walking,  and  the  maintenance  of  the  equilibrium  generaflj 
require  to  be  guided  and  governed  by  afferent  impulses,  which  tell  o 
the  condition  of  the  body  and  of  its  relations  to  its  environment  ("i< 
position  in  space").  The  afferent  impulses  s,Te  firstly  visual  and  tactii 
sensations,  secondly  sensations  by  which  we  appreciate  the  condition  € 
our  muscles  (muscular  sense),  and  thirdly^  as  appears  from  experimeat 
on  pigeons  and  other  animals,  sensations  produced  by  the  pressure,  h 
different  directions,  of  the  fluid  in  the  semicircular  canals  of  the  in 
ternal  ear. 

Experiments  show  that  when   the  horizontal  semicircular  canal  i 
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divided  in  a  pigeon,  inco-ordination  occurs,  with  a  constant  movement 
of  the  head  from  side  to  side,  and  similsirly,  when  oi.u  of  the  vertical 
canals  is  operated  upon,  up  and  down  niovemenls  of  the  head  are  ob- 

IttTved.  Tliu  bird  is  unable  to  fly  in  an  orderly  manner,  flutters  and 
falls  when  tiirown  into  tlie  air,  and,  moreover,  is  able  to  feed  with 
difficulty.      Hearing    remains  unimpaired,      80  that    inco-ordi nation 

'  depends  upon  defieienry  or  disorder  of  normal  ampullar  inflaeuces.  It 
will  be  recollected  that  tlio  itemicircnlar  t^anals  are  supplied  with  a 
nerve,  the  vestibular  branch  of  the  auditory,  which  is  connected  with  the 
bulb. 

It  is  probable  that  the  various  afferent  impulses  upon  w6ich  co-ordina- 
tion and  the  maintenance  of  tho  equilibrium  depend  are  gathered  up,  as 
it  were,  in  the  tegmental  system  from  the  bulb  upward,  since  this 
region  is  so  intimately  connected  with  tlie  bulb  and  cord  posteriorly, 
and  w^ith  the  optic  thalamus  and  c^>rpora  quadrigcmina  anteriorly.     In 

)  addition  to  the  tegmentum,  however,  the  cerebellum  and  pons  are  in 

^  some  way  concerned,  because  of  their  intimate  connection  with  the 
spinal  cord  and  bulb,  the  cerebellum  being  further  connected  with  the 

I  ttoditory  nerve  on  the  one  hand,  and  with  the  gray  matter  in  connection 

I  with  the  tegmentum  on  the  other  hand. 


Sensory  Centres. 

There  is  evidence  that  fibres  from  the  nerves  of  special  sense  are 

mMy  connected  with  definite  and  distinct  parts  of  the  cerebrum. 

Visual  or  Optic  Cenfrv, — The  termination  of  the  optic  nerve  in  each 

«Te,  the  retina,  to  the  structure  of  w^hich  we  shall  return  when  treating 

^f  the  eye,  is  so  arranged  that  wiien  we  look  at  an  object  with  both 

^J^  symmetrical  parts  of  each  retina  are  uj^^ed*     For  example,  if  we  look 

4t  an  object  to  the  left,  un  image  of  that  object  is  focussed  upon  the 

Tight  half  of   both  retina?,  viz.,  upon  the  temporal  side  of  the  right 

Jetina,  and  upon  the  misixl  side  of  the  left  retina.     The  optic  nerve- 

^bres  of  these  symmetrical  parts  of  the  retina  are  gathered  together 

"lehind  where  the  optic  nerves  decujssate,  viz.,  in  the  optic  chia^ma. 

Tie  fibres  which  come  from  the  right  side  of  both  eyes  are  contained  in 

f^e  optic  tract  of  the  same  side,  viai.,  the  right,  those  from  the  right  eye 

^'fceing  outside  of  the  others.     In  the  same  way  tlie  left  optic  tract  ci>n- 

Ifiins  internally  fibres  from  the  left  side  of  the  right  eye  and  externally 

\  those  from  the  leftside  of  the  left  eye.     On  the  inner  border  of  the  optic 

chiafema  and  tract  there  are  also  commissural  fibres  which  pass  from  one 

le  of  the  brain  to  the  other;  these  are  fibres  which  connect  one  median 

rpus  genictilatum  with  the  other     They  are  called  the  inferior  or 

cuate  commissure.     The  optic  tract  thus  formed  then  paBses  back- 
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ward  and  terminates  in  three  distinct  nuclei,  tiz.,  the  pulvinar  of 
optic  thiilanius,   the  anterior  corpus    quadrigeminum  and    the  luter 
corpus  geu icuhitum.     These  nuclei  waste  if  the  eyes  are  remoTed  : 
an  adult  animal;  and  if  from  a  newly  horn  animrJ  they  do  not  deTelojkJ 
The  optic  chiadma  in  its  course  gives  off  fibres  which  are  connected  wit! 
the  nucleus  of  the  third  nerve. 

It  appears  that  some  of  the  fibres  of  the  optic  tract  pass  directly  ini 
the  cerebral  cortex  without  joining  with  the  optic  thalamus,  corpus  qo 
rigeminum  or  corpus  genieulatum. 

It  was  shown  above  that  the  fibres  of  the  cerebral  cortei,  known 
the  optic  radiation,  pass  from  the  occipital  region  to  the  three  iiadi^ 
about  which  we  are  speaking,  viz.,  into  the  pulvinar  of  the  optici 
Hius,  the  anterior  corpus  quadrigeminum  and  lateral  corpus  genicaUt 


Fig.  3e6.-.The  Cortical  CjEtre^ 

and  it  is  known  that  when  the  occipital  cortex  is  removed,  these  tb 
wa^te.     It  linB  been  further  shown  that  in  a  newly  born  animal 
removal  of  such  a  region  is  follow^ed  by  imperfect  development  of 
parts  in  question. 

If  one  optic  nerve  be  divided   blindness  of  the  corresponding 
results,   but  if  one  optic  tract  lye  divided   there  is  a  half  blind 
which  is  called  hemumo/ma^  hemianopm,  or  hemiopia^   right   or] 
according  as  the  right  or  left  field  of  vision  is  cut  off.     It  is 
probable    that   the   occipital   lobe   (figs.    382,    380),    and   partic 
the  cunens,  is  concerned  as  a  so-called  visual  centre,  einoe  not  only  I 
it  connected  with  the  optic  nerves,  as  we  have  seen,  but  also  because  1 
removal  of  the  right  occipital  lobe  in  an  animal  (monkey),  is  folio 
by  loft  hemiopia,  removal  of  the  left  by  right  hemiopia,  and  removjil  < 
both  occipital  lobes  by  total  blindness.  Some  have  connected  the  \ 
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iS  also  with  vision  aa  the  centre,  while  others  look  upon  it  merely 
1  accessory  centre, 

T^adary  centre, — The  olfactory  nerve  differs  from  the  other  cranial 
Bft.  In  reality  it  is  a  representative  of  tho  olfactory  lobes  of  other 
aals,  which  are  part  of  the  cerobnniK  It  originates  as  an  oflf-shoot 
I  the  cerebral  vesicle,  the  front  part  of  which  is  developed  into  the 
!  of  the  olfactory  nerve,  while  the  back  forms  its  peduncle.  The 
e,  the  cavity  of  which  is  111  led  up  in  the  fully  developed  condition 
i  nenrogliar  substance,  lies  u|K>n  the  cril>riforni  plate  of  i]u\  ethmoid 
%f  and  is  containe*d  in  a  groove  of  the  frontal  lobe  on  its  under  sur- 
On  examination  of  the  bulb  it  is  found  to  be  thus  made  up, 
Bath  the  neurogliar  layer  is  a  layer  of  longitudinal  fibres  and  a  few 
•e-cells,  next  to  this  is  a  layer  of  small  cells  (nuclear  layer),  fibres 
I  the  layer  of  nerve-fibres  pjissing  througli  it. 

The  nuclear  layer  is  also  separated  into  groups  of  cells  by  an  inter* 
igof  the  fibres.  The  next  layer  is  thick  and  is  composed  of  neuroglia 
iome  fibres,  some  of  which  are  medullated,  as  well  as  of  cells  more 
BB  pyramidal  in  shape.  Below  this  layer  is  the  layer  of  oifadorp 
ertdi.  These  glomeruli  are  small  coils  of  olfactory  fibres  inclosing 
1  cells  and  granular  matter,  A  full  description  of  the  anatomy  of 
3  parts  18  given  later  (see  Olfactory  nervo). 

fibrefi  of  the  olfactory  nerve  proper  are  found  below  this  layer  and 
to  be  distributed  to  the  olfactory  mucous  membrane.  They  are 
ght  to  have  origin  in  the  glomeruli.  The  jK^duncle  of  the  nerve 
le  olfactory  inwl  as  it  is  sometimes  called,  is  made  up  of  longitudinal 
B  originating  in  the  bulb,  with  neuroglia  and  some  nerve-cells, 
The  fibres  of  tlio  olfactory  tract  have  been  traced  into  the  nucleus 
jdalfE  and  its  junction  with  the  hippocampal  gyrus  in  the  temporal 
(fig-  38(i),  The  hippocampus  must  be  in  some  way  connected  with 
I,  since  a  lesion  of  it,  leaving  the  olfactory  tract  uninjured,  seriously 
rferes  with  that  sense. 

Rw/e?  centre. — It  is  very  uncertain  where  the  i^te  centre  is  situated, 
eh  exist.  It  hm  been  placed  in  the  temporal  lobe,  not  far  from  that 
well  {i^g,  3SG), 

dadUory  Centre. — ^Thia  centre  has  been  localized  in  the  superior 
poral  convolution  {^ig,  3S2).  Experiments  have  been  made  which 
lect  auditory  impulses  on  cither  side  with  the  posterior  corpus  quad- 
roinum  arid  the  median  corpus  geniculatum,  for  when  the  internal 
18  destroyed  there  results  atrophy  of  these  bodies  as  well  as  of  the 
ral  fillet  of  the  opposite  sidej  and  on  the  other  band,  destruction  of 
part  of  the  temporal  lobe  above  indicated  is  similarly  followed  by 
phy  of  the  nuclei  of  the  saTiie  side.  If  these  results  bo  confirmed  by 
ttonal  experiments,  it  would  make  it  pluin  that  these  nuclei  bear 
1]  the  same  relation  to  the  eeuBC  of  hcariug  aa  do  the  anterior  corpus 
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quadrigeminum  and  tbe  lateral  corpus  geniculatam  to  the  sense 
sight. 

Centre  for  Cutaneous  Sefisatiofis. — Physiological  experiments,  as  i 
as  clinical  and  pathological  observations,  now  show  pretty  certainly  t 
the  cortical  centre  for  sensations  of  touch,  and  probably  of  pain  i 
temperature,  are  essentially  identical  with  the  motor  areas,  that  is 
say,  in  the  central  convolutions.  Owing,  however,  to  the  wide  distril 
tion  of  afferent  impulses,  through  the  multiplication  of  their  meaiii 
getting  to  the  brain,  the  area  of  these  sensory  centres  is  not  as  stric 
limited  as  that  of  other  special  centres. 

27ie  Centre  for  Muscular  Sensations. — A  great  deal  of  evidence  is 
cumulated  to  show  that  the  most  important  area  in  which  these  geo 
tions  are  brought  to  consciousness  is  in  the  inferior  parietal  lobule. 

Functions  of  Corpora  Striata  and  Optic  Thalami. 

Hie  Corpora  Striata. — The  idea  formerly  held  that  the  corp 
striata  are  concerned  in  the  transmission  of  motor  impulses,  or  that  d 
are  the  great  motor  ganglia  at  the  base  of  the  brain,  rests  upon  insa 
cicnt  evidence.  T^csions  of  the  corpora  striata  produce  hemiplegia  <» 
because  of  the  pressure-effects  they  exercise  upon  tbe  internal  caps 
close  by. 

The  caudate  nucleus  is  connected  with  the  opposite  side  of  the  ce 
belUim  by  fibres  which  conduct  downward,  and  the  lenticular  nucleiM 
connected  with  the  cerebellum  by  fibres  from  the  tegmentum  and  i 
perior  cerebellar  peduncles  which  conduct  upward.  It  is  suggeste*!  til 
the  corjiora  striata  are  central  organs  analogous  to  the  cerebral 
itself.  "  The  analogy  to  those  parts  of  tbe  cortex  that  are  con; 
with  the  cerebellum  is  rendered  still  greater  by  the  fact  that  a 
even  an  extensive  lesion,  may  exist  in  either  the  caudate  or  lenl 
nucleus,  and  so  long  as  it  does  not  interfere  with  the  functions  ot^ 
motor  or  sensory  parts  of  the  internal  capsules  it  causes  no  peroill 
symptoms."     (Oowers.) 

On   the  whole,  however,  it  must  be  said  that  the  functions  of 
corpora  striata  are  unknown,  and  it  is  possible  that  in  man  they  aref 
subsidiary,  if  not  even  rudimentary,  bodies. 

The  Optic  Thnlami, — That  the  optic  thalami  are  the  great  seiMM 
centres  at  the  base  of  the  brain — which  was  a  view  held  by  manyn 
recently — does  not  seem  to  be  based  upon  sufficiently  accurate  obeeij 
tions.  The  important  relation  to  the  tegmentum  of  its  own  sidewoj 
make  it  appear  as  beinpj  sporially  concerned  with  the  sensory  fibres  pi 
ing  to  the  cerebrum,  for  which  it  probably  forms  a  relay.  i 

Its  connection  with  the  optic  nerves  has  been  commented  ■ 
above.  Fibres  connect  the  optic  thalamus  too  with  the  superior i 
d uncle  of  the  cerebellum  of  the  opposite  side.  j 
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Sons  of  the  optic  tlialiimus  do  not  of  themselves  produce  entire 

I  of  sensation.     If  such  a  symptom  follows,  it  is  due  to  pressure  upon, 

injury  to,    the  posterior  limb  of  the   internal  capsule.     The  optic 

ilanius  is  connected  with  visuul  sensations  and  may  be  a  reflex-ceiitre 

"  Bome  of  the  higher  reHex  actions. 

The  optic  thidamus  is  so  closely  connected  with  a  large  area  of  the 

l^rtax  that  it  undoubtedly  must  have  some  function  in  connection  with 

be  mechanical  or  miiscular  movements  and  of  expression.     It  is  prob- 

Me  that   it  is  the  organ  to  which  automatic  activities  are  relegated  in 

»tes  of  partial  consciousness.     The  automatic  walking,  writing,  speak- 


17.— Cterebelliim    in   «r*rtion   fttirt  ffmrtli   ventriel*^.   with    the  netphborinir  parte.     1, 

>  of  Tciurth  ventricle*  bnilhij^  Im*1ow  in  tht^  I'aktmuH  scriptoriun^  with   the  longltu- 

m   fonnwJ  by  the  fanciinH  fevt'ivJ^,  ooi*  tui  each  si^le:   U,  the  »iune  in'ooTC,  at  the 

„_j  Uie  whik'  strf^aks  (jf  tht*  nuihtorvii*»rTet^mfrtir»'  from  it  tijen*ts8  thi^'  flcHir  of  the  ven- 

j  InlierioriTUH  or  |>e(iuiiule*if  the  eert4>eUimi,  fomuHl  by  \lw  iv»tif<»riii  tMxly;  4,  piwteHor 

Ba;  above  thfR  Ig  tht*  c&larnniH  Hcriiitoriiis;  Ti,  Biijit^rhjr  cm**  of  eerebeUnoi,  or  processua  e 

pio  «d  cerebniiii  (or  a^l  t*»»te8i;   i\  6,  fUk*t  tii  th*^  side  of  the  crura  cerebri  ■  7,  7,  lateral 

at  tlie  crura  cerebri;   t*,  corpora  guiMlfiuemiim.     (Froiti  Hapjioy  afti-r  Hirschfeld  aDii 

5,  and  emotional  expressions,  for  example,  that  are  done  by  men  in 
pnotic  states  or  in  sleep,  «re  very  prnhablj  largely  under  the  control 
be  optic  tlialanius  in  connection  witli   the  cerDhelluni  and  associated 
flia. 

Of  the  functions  of  the  ex/enial  aipsith skud  of  the  chiff,Htnfm  nothing 
ite  is  known. 


The  Cerebellum. 

I  The   cerehelhini  (7,  B,  0^  10,  fig.  3ri4)  is  composed   of  an  elongated 
il  portion  or   lobe,  called   the  vernuform  processes,  and   two  hemi- 
Each  hemisphere  is  crmneckd   with   ita  fellow,  not  only   by 
of   the  vermiform   prore«ppR,  liiit  also  by  n  bundle  of  fibres  called 
iddls  cr us  or petlnfuh'  (the  latter  forming  the  greater  part  of  the 


\ 
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pons  Varolii),  while  the  superior  crura  with  the  valve  of  Viensaenft  otidt 
nect  it  with  the  cerebrum  (5,  fig.  387),  and  the  inferior  crura  (fonnul 
by  the  prolonged  restiforin  bodies)  connect  it  with  the  medulla  oblongail 
(3,  fig.  3S7). 

Structure. — The  cerebellnm  is  composed  of  white  and  gra j  matta 
the  latter  being  external,  like  that  of  the  cerebrnm,  and  like  it  infolded 
so  that  a  larger  area  may  bo  contained  in  a  given  space.  The  conToh 
tions  of  the  gray  matter,  however,  are  arranged  after  a  different  patten 
as  shown  in  fig.  387.  Besides  the  gray  substance  on  the  surface,  tha 
is,  near  the  centre  of  the  white  substance  of  each  hemisphere,  a  smd 
capsule  of  gray  matter  called  the  corpus  dentatum  (fig.  388,  re/),  resea 
bliug  very  closely  the  corpus  dentatum  of  the  olivary  body  of  the  mednll 
oblongata  (figs.  3G2,  388,  o). 


Fif?.  88R.— Outline  sketch  of  a  section  of  the  cerebeUum,  showliif^  the  corpus  dentatam.  _. 
section  has  beeu  carriod  through  thp  left  lateral  part  of  the  pons,  so  an  todivide  thesupenorl 
dunclf  and  piuss  nearly  throu^cn  the  middle  of  the  left  cerebellar  hemisphere.  The  oliTurbT 
hfiH  also  t)een  divided  lon»;ittidiually  so  as  to  expose  in  section  its  corp%t»  dentatum.  cr.  < 
cen>l)ri:  /.  tlllot;  y,  oor|M>ra  (luadri^emina ;  «  p,  superior  peduncle  of  the  cefrebellum  diviM 
m  /),  middle  |HMluncle  or  lat4T;il  part  of  the  pons  Varolii,  with  fibres  passing  from  it  into  I 
whit4<>  st«Mn;  u  v,  continuation  of  the  white  stem  radiatiuK  toward  the  arbor  Tite  of  ttefiT 
r  r/,  corpus  dentatum;  o,  olivary  iMNly  with  its  corpus  dentatum;  p,  anterior  pjTamid.  (Al 
Thomson.)    %. 

If  a  section  bo  taken  through  the  gray  matter  of  the  cerebellum, 
will  1)0  fouml  to  bo  composed  of  two  layers,  an  outer,  or  molecular, 
an  inner,  or  granular,  layer.  Each  of  these  layers  contains  a  large  m 
bor  of  peculiar  shaped  nerve-cells,  and  very  rich  plexuses  of  nerve-fil 
Recent  studies  of  tho  cortex  of  the  cerebellum  by  modern  methods 
revealed  a  most  complex  and  beautiful  arrangement  of  the  parts,  w! 
we  shall  describe  briefly  here. 

Tho  molemilar  layer  contains  two  kinds  of  cells,  one  large  and  kiM> 
as  Fu7'l'in/c''s  cell,  tho  other  smaller  and  known  as  stellate  cells, 
cells  of  Turkinjo  lie  along  the  internal  margin  of  the  layer,  being, 
fact,  practically  at  tho  boundary  of  tho  molecular  and  granular  lajl 
They  measure  40x30  /i,  and  havo  large,  round  nuclei.  Each  cell  gi' 
o(T  an  enormous  number  of  branching  dendrites,  which  run  up  toil 
tho  surface  of  tho  cerebellum  in  the  shape  of  a  bush.  Each  little  bm 
sends  ofl  from  the  side  small  buds,  which  are  called  the  gefnmnki 
thorns.  These  hranchinf]^  dendrites  do  not  pass  up  altogether  like 
branches  of  a  round  bush,  but  are  flattened  like  a  bush  that  baa 


B. — TjODSfitntMna}  Rectton  of  the  (rray  miljstancw  of  a  cer^bpllar  convotutfon.    Scbematla 
fe.;  fi,  fUnervtnisnrftceiiiseci:  n\  d  1  vision iS ctf  tJi**  lBti«»r  in  the  mol*?cular  lawyer  and  i 
I  into  iwo  loD^tuatnal  flne  flbrea;  p,  eel  La  of  rurkinj^. 
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tioD,  and  if  one  makes  a  section  down  through  the  centre  of  the 
lution,  in  its  longitudinal  course,  a  side  view  of  the  cell  only  is 
(fig.  389). 

The  cells  of  Purkinjo  give  off  at  their  under  surface  a  m 
which   runs   down   into  the  white  matter  of   the  cerebellum, 
throughout  the  molecular  layer  are  the  stellate  cells,  which  ai 
smaller  in  size,  and  which  give  off  a  number  of  dendrites  (fig.  38 

Each  cell  has  also  an  axis-cylinder  (neuraxon)  and  this  sends 
laterals  which  end  in  a  fine  basket-like  network  which  surrou 


Stellate 


molecular 
layer 


Fig.  889a.— A,  AffereDt  fibre  to  batiket  (steUaU^)  cell;  B,  neuraxon  of  Purkinj6  cell;  C 
fibre  to  Purkinj^  cell;  D,  afferent  (mottsy)  fibre  to  g^ranule  celL 


body  of  the  cells  of  Purkinjo  (fig.  38yA).  On  this  account  they ; 
times  called  basket-cells.  There  are  other  stellate-shaped  celh 
molecular  layer  which  lie  more  superficially,  and  do  not  have  thii 
ular  connection  with  the  Purkinjo  cells,  but  appear,  however,  tc 
to  the  same  type. 

The  granular  layer  contains  a  largo  number  of  very  small  g 
like  cells  that  Golgi  was  the  first  to  show  were  really  nerve  cells, 
are  only  about  5/a  in  diameter,  and  they  have  a  number  of  sh( 
drites  which  end  in  clubbed  extremities.  They  give  off  a  very  fi 
cylinder  process  (neuraxon)  which  runs  up  into  the  molecular  k 
there  divides  in  a  T-shaped  fashion,  the  fibres  running  parallel 
surface  of  the  convolution  and  passing  in  between  the  branche 
cells  of  Purkinje.  There  are,  besides  these  granular  cells,  a  fen 
cells,  with  axis-cylinders,  that  divide  and  subdivide,  ending  in 
ramifying  plexus.  These  are  known  as  the  cells  of  Golgi.  T 
found  in  other  parts  of  the  brain. 

The  white  substance  of  the  cerebellum  consists  of  Derve-fibrei 
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Sof  thr«e  kinds:  let,  Desoending  fibres,  that  aro  made  up  of  the  axis- 
Indurs  of  I  ho  eella  of  Purkiiijtj  carrying  itnpulsea  down  from  the  cere* 
War  cortex.     2d,  Ascend ii\g  fihrrg,  which  \\x\m  into  the  grannlar  layer, 
[there  end  in  a  nnmber  of  very  short,  finely  split  iibrea,  presenting  a 
IKW5V  appearance,  so  that  these  are  known  as  Iho  mm^t/  Jihrs.     These 
Onect  with  the  granuhir  ctdls  of  this  layer.     :jd,  A&f^ending  fibres,  which 
I  up  through  tlie  granidur  into  the  niolecular  layer  and   there  break 
Hnto  a  fine  network,  which  interlaces  with  and  coils  among  the  proto- 
lic  branches  of  the  ceils  of  Pnrkinje. 

;  will  be  seen  that  the  urrangcrncntH  for  the  transmissjon  and  diffn- 

of  nerve-impnlses  and   for  the  cooperation  of  different  cells  with 

k  other  are  extremely  complicated  and  delicate,  as  wonid  be  needed  for 

important  an  organ,     Ifc  is  not  posaible  to  indicate  abHolntely  by  any 

ae  the  course  of  llbreu  and  the  course  of  impulses  through  the  cere- 

3,  but,  approximately,  it  is  somewhat  like  that  in  the  accompany- 

figure  (fig.  389a), 

Impulses  pass  up  along  those  ascending  Obres  called  "mossy"  to  the 

lulur  cells.     These  cells,  being  stimulated,  send  the  impulses  by  their 

cylindera  to  the  molecular  layer,  ami  through  their  T-shaped  divia- 

ns   to  the  dendrites  of  tho  cells  of  Turk  in  jc,     Tiience  an  impulse  is 

ad  out  by  the  axis-cylinder  iirocess  of  this  cell.     Other  ascending  im- 

I  aro  brought  up  by  those  fibres  which  pat^s  to  the  njolecnlar  layer 

Bud  their  terminals  winding  around  among  the  dendrites  of  the  cells 

irkioje.      Probably   impulses  pass  op  also  through  the  ascending 

and  affect  the  stellate  cells,  and  through  them  and  their  baaket- 

I  tertDinals  the  cells  of  rnrkiujc, 

FL'KCTIOXS  of   the   CEREBELLrM, 

.)   "With   the  exception  of  its  middle  lohe,  M/?  ctrebellnm  »>  ftsclf 
idle  in  irritation  and  may  bo  all  cut  away  without  eliciting  signs 
(pain  (Ij^uiget).     Its  removal  or  disorga nidation  by  disease  is  also  gen- 
!y  UDaccompanied  by  loss  or  disorder  of  sensibility;  animals  from 
it  is  removed  can  smell,  see,  hear»  and   feel  pain,  to  all  appear- 
ae  perfectly  as  before  (Flourens;  Magendie).      It  (cannot,  there- 
be  regarded  as  a  principal  organ  of  sensation.     Yet,  if  any  of  its 
bo  touched,  pain  is  indicated;  and,  if  the  restiform  tracts  of  the 
nlla  oblongata  bo  irritated,  the  most  acute  suffering  appears  to  be 
uced. 

(2.)  Co-onUnnthm  of  Mm*mumts. — In  reference  to  motion,  the  experi- 
ta  of  Longet  and  many  others  agree  that  no  irritation  of  the  cerebel- 
produces  movement  of  any  kind.  Itemarkable  results,  however,  are 
uced  by  removing  parts  of  its  substance,  Floiireus  (whose  oxperi- 
te  bave  been  confirmed  hy  those  of  Bouilland,  Longet,  and  others) 
*pated  the  cerebellum  in  birds  by  successive  layers.     Feebleness  and 
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want  of  harmony  of  muscnlar  movements  were  the  conseqnenoe  of  lemot- 
ing  the  superficial  layers.     When  he  reached  the  middle  layers,  the  no* 
mals  became  restless  without  being  convulsed ;  their  movementB  lere 
violent  and  irregular,  but  their  sight  and  hearing  were  perfect    By  tlis  i 
time  that  the  last  portion  of  the  organ  was  cut  awfiy,  the  aninudBhai 
entirely  lost  the  powers  of  springing,  flying,  walking,  standing,  adi 
preserving  their  equilibrium.    When  an  animal  in  this  state  was  laid  npn 
its  back,  it  could  not  recover  its  former  posture,  but  it  fluttered  iti 
wings,  and  did  not  lie  in  a  state  of  stupor ;  it  saw  the  blow  that  threatenei 
it,  and  endeavored  to  avoid  it.     Volition  and  sensation,  therefore,  wm 
not  lost,  but  merely  the  faculty  of  combining  the  actions  of  the  miucki; 
and  the  endeavors  of  the  animal  to  maintain  its  balance  were  like  ibm 
of  a  drunken  man. 

The  experiments  afforded  the  same  results  when  repeated  on  all  dam 
of  animals;  and  from  them  and  the  others  before  referred  to,  Floorani 
inferred  that  the  cerebellum  belongs  neither  to  the  sensory  nor  the  intel- 
lectual apparatus;  and  that  it  is  not  the  source  of  voluntary  movement 
although  it  belongs  to  the  motor  apparatus;  but  is  the  organ  for  the  co- 
ordination of  the  voluntary  movements,  or  for  the  excitement  of  the  C8» 
bined  action  of  muscles. 

Such  evidence  as  can  be  obtained  from  cases  of  disease  of  this  orgu 
confirms  the  view  takeji  by  Flourens:  and,  on  the  whole,  it  gains  sup- 
port from  comparative  anatomy;  animals  whose  natural  moTementi 
require  most  frequent  and  exact  combinations  of  muscular  actions  being 
those  whose  cerebella  are  most  developed  in  proportion  to  the  spiml 
cord. 

We  must  remember,  too,  that  the  cerebellum  is  connected  with  thi 
posterior  columns  of  the  cord  as  well  as  with  the  direct  cerebellar  tnct^ 
both  of  whicli  probably  convey  to  the  middle  lobe  muscular  sensatiiM* 
It  is  also  conuected  with  the  auditory  nerves  and  bulb  by  the  internal  aai 
external  acute  fibres;  and  with  the  tegmentum  through  the  red  nndcL 
Its  connection  with  the  efTcreut  tracts  from  the  different  cerebral  loU 
through  the  pons  is  also  highly  important.  Movements  of  the  eyesata 
occur  on  direct  stimulation  of  the  middle  lobe.  It  seems,  therefore,  t| 
be  connected  in  some  way  with  all  of  the  chief  sensory  impulses  whicl! 
have  to  do  with  the  maintenance  of  the  equilibrium,  and  is  genera^ 
included  in  the  nervous  apparatus  which  is  supposed  to  govern  this  funo^ 
tion  of  our  bodies. 

Foville  supposed  that  the  cerebellum  is  the  organ  of  muscular  aenae,  ie.,  tii 
organ  by  which  the  mind  acquires  that  knowledge  of  the  actual  state  lol 
position  of  the  muscles  which  is  essential  to  the  exercise  of  the  will  upoo  them 
and  it  must  be  admitted  that  all  the  facts  just  referred  to  are  as  well  explaiMi 
on  this  hypothesis  as  on  that  of  the  cerebellum  being  the  organ  for  combinia 


vementa.  A  harmonious  eorabination  of  muscular  actions  must  depend  aa 
dian  Ihe  caiwibility  of  appreciating  the  coDditiuuof  Ihv  must'les  with  regard 
their  tension,  and  to  the  force  with  which  tliey  are  i;t>titTactiug,  aa  ou  the 
•er  which  any  hpfcial  nerve-centre  may  jMjtjsess  of  exciting  them  tu  contrac- 
k  And  it  IB  L»e(!ause  the  power  of  tiiich  luirnionioUH  movement  would  be 
illy  l<j6t,  whether  the  iujtiry  to  the  cerelieHnin  involved  injury  to  tlie  seat 
aujivCuJar  B*.*n«*?,  or  to  the  centre  for  combining  muscular  actifms.  that  ex- 
neute  cm  the  subject  airord  no  i>roof  in  odc  direction  more  than  the  other. 

•arced  Movements, — Thu  inftuenco  of  each  half  of  the  cerebellum 
HfGted  to  mugclea  on  the  opposite  sido  of  the  body;  atid  it  would 
ar  that  for  the  I'ight  ordering  of  nioventeiiLs,  the  actions  of  its  two 
ia  must  be  always  mutually  balanced  and  adjusted.  For  if  one  of  its 
I,  or  if  the  pons  on  either  side  of  the  middle  line,  be  divided,  so  as 
t  off  from  the  medulla  oblongata  and  spiual  cord  the  influence  of  one 
te  hemispheres  of  the  cerebellum,  fttraugely  disordered  movements 
B  (forced  movements).  The  animals  fall  down  on  the  side  opposite 
at  on  which  tlie  crus  cerelHdli  luis  been  divided,  and  then  roll  over 
inoously  and  repeatedly;  the  rotation  Inuug  always  r omul  the  loug 
of  their  bodies,  and  generally  from  the  side  on  which  the  injury  has 
iuflicted.  The  rotations  sometimes  take  ]dacc  with  much  rapidity; 
ten,  according  to  Magendie,  iUi  sixty  times  in  a  minute,  and  nuiy  last 
everal  days.  Similar  movements  have  been  observed  in  men;  us  by 
58  in  a  man  iti  whom  there  wiis  apoplectic  effusion  in  the  right  cms 
)flli;  ami  by  Belbomme  in  n  woiuun,  in  wliom  an  exostosis  pressed 
he  left  crus.  They  may,  perhaps,  bo  explained  by  iissnming  that 
division  or  injury  of  the  crus  cerehelli  jiroduces  paralysis  or  imper- 
ttnd  disorderly  movements  of  the  opposite  side  of  the  body;  the 
tal  falls,  and  then,  struggling  with  the  dtsordered  sido  on  the 
nd,  and  striving  to  rise  with  the  otlier,  pushes  itself  over;  and  so 
land  again,  with  the  same  act,  rotates  itself,  vSuch  nuiventents  cease 
I  the  other  crus  cerebelli  is  divided;  but  probably  only  becatise  the 
lysis  of  the  body  is  thus  made  ahuost  complete*  Other  varieties  of 
id  Hiovemeuts  have  been  observed,  cs]jecially  those  named  "  circus 
mDents,"  when  the  animal  operated  upon  moves  round  and  round  in 
clc;  and  again  those  in  whicii  the  animal  turns  over  and  over  in  a 
I  of  somersaults,  Xearly  all  these  movements  may  result  on  section 
ae  or  other  of  the  following  parts;  viz,,  crura  cerebri,  medulla, 
cerebellum,  corpora  rpiadrigeniina,  corpora  striata,  optic  thalarai, 
iven,  it  is  said,  of  the  cerebral  liemispheres. 

7KCriONS   OF   THE   CORPORA   QrADRIGEMlNA    AND   GENICULATA. 

be  corpora  qnadrigemina  are  the  homologues  of  the  optic  lobes  in 
iphibia,  and  fisfaes.     The  anterior  pair  may  be  regarded  as  the 


4 


i 


650  HANDBOOK   OF   PHYSIOLOGY. 

principal  nerve-centres  for  visual  sensations,  the  posterior  possibly  wiih 
auditory  sensation. 

Functions, — (1)  The  experiments  show  that  removal  of  theanteriflr 
corpora  quadrigemina  wholly  destroys  the  power  of  seeing;  anddiaeiBBi 
in  which  they  are  disorganized  are  usually  accompanied  by  Miiufotts. 
Atrophy  of  them  is  also  often  a  consequence  of  removal  of  the  ejv. 
Destruction  of  one  of  the  anterior  corpora  quadrigemina  (or  of  one  optic 
lobe  in  birds)  produces  hemiopia  of  opposite  field  of  vision.  ThisloHot 
sight  is  the  only  apparent  injury  of  sensibility  sustained  by  the  remofil 
of  the  corpora  quadrigemina. 

The  (2)  removal  of  one  of  them  affects  the  movements  of  the  bodj, 
so  that  animals  rotate,  as  after  division  of  the  crus  cerebri,  only  mon 
slowly:  but  this  may  be  duo  to  giddiness  and  partial  loss  of  sight 

(3)  The  more  evident  and  direct  influence  is  that  produced  <m  tkfl 
iris.  It  contracts  when  the  anterior  corpora  quadrigemina  are  irritated: 
it  is  always  dilated  when  they  are  removed :  so  that  they  may  be  regarded, 
in  some  measure  at  least,  as  the  nervous  centres  governing  its  wmr 
ments,  and  adapting  them  to  the  impressions  derived  from  the  i^iM 
through  the  optic  nerves  and  tracts. 

(4)  The  centre  for  the  co-ordination  of  the  movements  of  theejeiii 
also  contained  in  them.  This  centre  is  closely  associated  with  that  for 
contraction  of  the  pupil,  and  so  it  follows  that  contraction  or  dilatation 
follows  upon  certain  definite  ocular  movements. 

As  we  have  pcen,  the  lateral  corpus  geniculatum  is  associated  « 
either  side  with  the  anterior  corpus  quadrigeminum,  and  the  mediia 
corpus  geniculatum  with  the  posterior  corpus  quadrigeminum. 

TJie  Sympathetic  System. — Having  in  the  preceding  chapters  coa- 
pleted  the  description  of  the  Cerebro-spinal  nervous  system  proper,  tha» 
remains  to  be  considered  the  structure  and  functions  of  the  so-calU 
Sympathetic  nervous  system,  and  to  this  it  is  now  necessary  to  dirt* 
attention. 

It  should,  however,  be  distinctly  borne  in  mind  that  thecereb* 
spinal  and  sympathetic  systems  are  not  distinct  from  one  another.  Th 
separation  of  the  one  from  the  other  may  be  considered  to  be  purely  ft* 
the  sake  of  convenience. 

Distribution. — It  consists  of:  (1)  A  double  chain  of  ganglia ni 
fibres,  which  extends  from  the  cranium  to  the  pelvis,  along  eachsidflrf 
the  vertebral  column,  and  from  which  branches  are  distributed  both<» 
the  cerebro-spinal  system,  and  to  other  parts  of  the  sympathetic  By8t«" 
With  these  may  be  included  the  small  ganglia  in  connection  with  th« 
branches  of  the  fifth  cerebral  nerve  which  are  distributed  in  the  nd^ 
borhood  of  the  organs  of  special  sense :  namely,  tb©   Ophthalmic^  ^ 
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SphenO'pdlatine  and  Submaxillary  ganglia.  (2)  Various  ganglia  and 
plexuses  of  nerve-iibres  which  give  off  branches  to  the  thoracic  and  ab- 
dominal viscera,  the  chief  of  such  plexuses  being  the  Cardiac^  Mn^ 
and  Ilypogcuitric;  but  inintimate  connection  with  these  are  many  second- 
ary plexuses,  as  the  Aortic^  Spermatic^  and  RcfuiL  To  these  plexuses, 
fibres  pass  from  the  praevortebral  chain  of  ganglia,  as  well  as  from  cerebro- 
spinal nerves.  (3)  Various  ganglia  and  plexuses  in  the  substance  of 
many  of  the  viscera,  as  in  the  tStoniach,  Intestines^  and  Urinary  bkddtr. 
These,  which  are,  for  the  most  part,  microscopic,  also  freely  communi- 
cate with  other  parts  of  the  sympathetic  system,  as  well  as,  to  some  ex- 
tent, with  the  cerebro-spinal.  (4)  By  many,  the  ganglia  on  the  Pos- 
terior  roots  of  the  spinal  nerves^  on  the  Glossopharyngeal  and  Vagus^  and 
on  the  Sensory  root  of  the  Fifth  cerebral  7ierve  (Gasserian  gangUon),  are 
also  included  as  sympathetic-nerve  structures. 

Classification, — Gaskell's  researches  have  suggested  a  convenient 
classification  for  the  sympathetic  ganglia  into:  (1.)  The  main  sympa- 
thetic chain,  extending  from  above  downward,  in  the  form  of  connected 
ganglia  lying  upon  the  bodies  of  the  vertebrie,  which  may  be  called 
lateral  or  vertebral  ganglia.  (2).  A  more  or  less  distinct  chain,  praeyer- 
tebral  in  position,  consisting  of  the  semi-lunar,  inferior  mesenteric  and 
similar  plexuses,  which  may  be  called  collateral  ganglia.  (3.)  Ganglia 
situated  in  the  orgims  and  tissues  themselves,  called  terminal  ganglia. 
(4.)  The  (janglia  of  the  posterior  roots  of  the  spinal  nerves. 

The  connection  l)etween  these  parts  is  as  follows:  the  visceral  branch 
or  ramus  com nuini cans  of  each  spinal  nerve,  which  is  one  of  the  divi- 
sions of  a  tyi)ical  spinal  nerve — the  others  being  the  dorsal  and  ventral 
— passes  first  of  all  into  the  lateral  chain;  from  this  chain  branches, 
7'ami  eJf'crcNies,  pass  into  the  collateral  ganglia,  and  from  these  again 
other  branches  ])?is.s  off  into  the  organs  to  end  in  the  terminal  ganglia. 
In  the  thoracic  region  the  rami  commiinicantes  are  composed  of  two  parts, 
white  and  gray.  The  former  can  be  traced  backward  into  both  spinal 
nerve-roots  of  their  corrc'si)onding  spinal  nerve;  and  in  the  other  direc- 
tion partly  into  the  lateral  sympathetic  chain,  and  partly  into  the  great 
splanchnic  nerves  and  so  into  the  collateral  ganglia  without  entering 
the  lateral  chain  at  all.  The  upper  while  rami  (from  the  2nd  to  the 
5th),  however,  proceed  upAvard  and  join  the  superior  cervical  ganglion 
instead  of  passing  downward  into  the  splanchnics.  Other  branches  go 
downward  into  the  lumbar  and  sacral  plexuses.  The  gray  rami  of  all 
the  spinal  nerves  are  the  only  apparent  representatives  of  the  visceral 
branches  in  the  regions  above  the  2nd  thoracic  nerve-root,  and  below 
the  2nd  lumbar  nerve-root,  with  the  exception  of  the  roots  of  the  2nd 
and  3rd  sacral  nerves,  which  have  also  white  rami,  and  consist  of  non- 
medullated  fibres,  and  pass  from  the  ganglia  to  be  distributed  chiefly  ^ 


rtnal  column,  to  the  Bpinal  nicnibniiifsiiiid  to  the  spinal  tierve-roots 
selves.  We  must  look  upon  the  wliito  rumi  then  lis  the  visocnil 
he«  proper. 

peculiarity  in  the  structure  of  tliose  whita  mcdullated  vist-eral 
1  is  the  linenessof  their  fibres.  They  are  a  third  or  ii  fourth  of  the 
fter  of  ordinary  medullated  fibres,  measuring  LS/z  to  2.7/x  instead 
4/x  to  19/i,  Such  fibres  are  a  peculiurity  of  the  spinal  nerve- rnnts 
f  m  the  thoracic  region,  but  t!iey  aro  al;io  found  in  the  second  and 
^aacral  nerves,  and  constitute  there  the  verrt  erigetiks  which  pass 
ly  to  the  hypogiLstrii^  plexus,  and  not  first  of  all  into  the  lateral 
,  From  this  plexus  branches  pass  upward  iuto  the  inferior 
teric  ganglia  and  downward  to  the  bladder,  rectum  and  generative 
§.  These  nerves,  failed  by  Gaskell  ^?<'/r/r  i^phmrhnw  nerves,  differ 
the  rami  viscerales  of  the  thoracic  region  only  in  not  communicat- 
ith  the  lateral  ganglia;  the  brancbea  which  paaa  upw^ard  from  the 
sic  region  to  the  neck,  ho  calls  eer viral  HplanrhnivH^  and  the 
thnics  proper  abdmnindl  ^pJmiehiini.  The  white  rami  visceralea  of 
pper  cervical  and  cervico-cranial  regions  do  not  run  with  their 
ponding  gray  rami,  but  form,  Oaakell  thinks,  the  internal  branch 
5  spinal  accessory  nerve,  which  contains  small  medullated  fibres 
r  to  those  of  the  visceral  branches  in  the  thoracic  region.  This 
b  passes  into  the  ganglinn  of  tlic  trunk  uf  the  vagus.  Small  viscerid 
exist  too  in  the  roots  of  the  vagrs,  and  in  those  of  the  glosso-pharyn- 
I  connection  with  the  ganglion  of  thetmnk  and  ganglion  petrosum, 
1  as  in  the  chorda  tympani,  in  the  small  petrosal  and  in  other 
4  Tisceral  nerves. 

tnctions. — The  researches  of  Gaskell  have,  however,  done  much  to 
np  the  former  conlnsion  as  to  the  functions  nf  the  sympathetic; 
I  the  following  acconnt  the  description  of  the  functions,  as  given 
It  observer,  is  followed. 

le  eiTcrent  mrre  fihrfs  of  the  sympathetic  system  supply  (ft)  the 
les  of  the  vascular  system,  to  which  they  send  vaso-motor  (ilirea, 
UBthCQnsiriciQr  and  cardiac  migmenior  or  accelerator^  and  vaso-in- 
•ry  fibres,  /,<?>,,  ram-iUhftor  mid  cardiac  inkiiH'torri;  (h)  the  visceral 
leSj  to  which   they  send  both    viiiccro-motor  and  visrerO'iuhil^iiof^i/ 

(c)  The  secretory  gland-cells. 
)  i,  Vafio-motor  or  Vmo-cQjtulricfar  and  Cardk-atigmmiior  Fihrcs,^ 
ifto-motor  nerves  for  all  parts  of  the  body  come  from  the  central  ner- 
fstem,  and  pass  out  from  the  spinal  cord  in  the  white  rami  visceralee 
thoracic  region  from  the  second  thoracic  to  the  second  lumbar  nerve- 
Inclusive,  as  fine  medullated  tihres;  they  then  piiss  to  the  lateral  or 
sympathetic  chain,  become  n on -medu Hated,  and  are  distributed  to 
muscles  either  directly  or  through  terminal  ganglia.     Thus  the  aug- 
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mentor  serves  of  the  heart  arise  Id  the  thoracic  rami,  pass  upward 
through  the  ganglion  stellatum  (first  thoracic  ganglion),  the  annulagof 
Vieussens  and  the  inferior  cervical  ganglion,  and  are  distributed  to  the 
heart;  the  vaso-motor  roots  of  the  brachial  plexus,  in  the  anterior  roots 
of  the  second  and  lower  thoracic  nerves,  and  reach  that  plexus  by  the 
same  ganglion ;  the  vaso-motor  nerves  of  the  foot  le^ve  the  spinal  cord 
high  up,  and  reach  the  sympathetic  lateral  ganglia  above  the  origin  of 
the  sciatic  nerve,  into  which  they  pass  through  the  abdominal  sympa- 
thetic. In  all  cases  the  nerves  lose  their  medulla  in  the  ganglia. 
Similarly  the  vaso-motor  nerve  supply  for  the  blood-vessels  of  the  head 
and  neck  and  of  the  abdomen  is  derived  from  the  cervical  and  abdominal 
splanchnics  respectively,  or  from  the  corresponding  rami  efferentes  of 
the  upper  lumbar  ganglia. 

The  lateral  sympathetic  chain  Gaskell  proposes  to  call  the  chain  cf 
vaso-motor  ganglia, 

ii.  Vaso-inhibitory  or  Vaso-dilaior,  and  Cardio-inhibitory  Fibres,— 
Of  these,  which  are  doubtless  as  widely  distributed  as  the  vaso-motor 
fibres,  we  have  distinct  proof  in  the  existence  of  fibres  separate  from 
vaso-motor,  e,g,y  in  the  inhibitory  nerve  of  the  heart,  the  cardio-vagns; 
in  the  chorda  tympani;  in  the  small  petrosal,  and  inthenervi  erigentea. 

These  nervo-libres,  as  far  as  we  know  at  present,  leave  the  central 
nervous  system  anioiif]^  tlio  fine  medullated  nerves  of  the  cervico-cranial 
and  Siicral  rami  coinniunieiintes,  do  not  enter  the  lateral  ganglia,  bnt 
pass  without  losing  their  medulla  into  the  collateral  or  terminal 
ganglia. 

(/>.)  i.  ViscerO'motor  Fibres. — These  fibres,  upon  which  depend  the 
peristaltic  movements  of  the  thoracic  portion  of  the  oesophagus,  and  of 
the  stomacli  and  intestines,  arise  from  the  central  nervous  system,  as 
the  line  medullatod  iibres  of  the  upper  portion  of  the  cervical  region,  not 
in  tlie  s])inal  nerv(»-roots  of  that  region,  but  as  the  bundles  of  fibres 
which  may  be  called  the  rami  visoerales  of  the  vagus  and  accessory  nerves. 
They  pass  to  the  ganglion  of  the  trunk  of  the  vagus,  where  they  loee 
their  medulla. 

ii.  VisverO'Inlnhitorj/  Fibres, — It  appears  that  the  nerve  supply  to 
the  circular  muscles  of  the  alimentary  canal  and  its  appendiiges,  is  con- 
tained in  the  abdominal  splanchnics,  and  consists  of  those  fibres  which 
have  not  passed  through  the  lateral  chain,  and  which  therefore  retain 
their  medulla  until  they  reach  the  proximal  or  collateral  chain. 

(c.)  Gln7idi(lnr  Nerve- Fibres. — A  double  nerve  supply,  in  all  proba- 
bility coinciding  with  the  supply  to  the  visceral  muscles,  has  been 
demonstrated  in  the  cases  of  the  submaxillary,  parotid,  and  lachrymal 
glands,  and  in  these  cases  the  course  of  the  fibres  is  very  similar  to 
that  of  the  corresponding  iibres  for  the  vaso-muscular  supply.    Tha« 
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tlie  sympathetic  supply  for  these  glands  piisses  along  with  the  vaso- 
inotar  fibres  from  the  cervical  splanchnic  (or  sympathetic  trunk),  and 
mipprior  cervical  ganglion;  while  the  cercbro-spinul  supply  comes  from 
theriimi  viscerales  of  the  cranial  nerves  in  conjunctiou  with  the  vaao- 
diktor  fibrea. 

kCeriirttl  Griffin    of  tJte    Rami  Visrerah.'^, — There  appears  to  be  the 
ngest  presumption  that  the  white  rami  of  the   thoracic  region   arise 
in  the  spinal  cord   in^  or  are  connected  with,  the  cells  of  the  posterior 

Ciilar  column  of  Clarke.  This  conclusion  is  based  upon  the  fact  that 
special  cells  are  found  in  the  three  regions  already  mentioned,  and 
m  those  only  where  the  white  rami  of  fine  medullated  fibres  exist,  viz., 
11  the  cervi co-cranial  regions,  in  the  spinal  accessory,  in  the  thoracic 
tgion,  and  in  the  sacral  region.  But  it  is  probable  that  the  fibres  are 
Im  connected  with  the  cells  of  the  lateral  horn  of  the  gray  matter  of 
he  spinal  cord,  and  its  representative  in  the  medulla,  the  an tero- lateral 
acleua  of  Clarke, 

In  a  paper  supplementary  to  his  first  account  of  the  sympathetic 
fstem,  Gaskell  traced  the  nerve  fibres  of  the  anterior  nerve  roots  to  the 
urioua  groups  of  nerve  cells  in  the  spinal  cord  thus:  (i.)  EiTerent 
erve«  to  somatic  muscles  arise  from  group  of  cells  of  anterior  cornua; 
ii.)  efferent  nerves  to  striated  splanchnic  muscles  from  cells  of  the  trac- 
iB  intermetlio-lateralis.  (iii. )  Anabolic  or  iuliibitory  nerves  to  glands, 
mselesof  viscera,  and  vessels  of  splanchnic  system  from  cells  of  Clarke's 
>lnmn;  (iv.)  motor  nerves  to  visceral  muscles  from  solitary  cells  at  the 
I0e  of  the  posterior  corn  u;  and  (v.)  motor  or  catabolic  nerves  to  glands 
id  Taicular  muscles  from  snudl  cells  of  the  lateral  cornn. 

Structure  and  Functions  of  the  Ganglia,— The  sympathetic 
Inglia  all  contnin— (1.)  uerve-libres  traversing  them;  (2.)  nerve-fibres 
riginating  in  them,  (:L)  nerve  or  ganglion-corpuacles,  giving  origin  to 
lese  fibres;  imd  (4.)  other  corpuscles  that  appear  free.  In  tlie  sym- 
^thetic  ganglia  of  the  frog,  ganglion-cells  of  a  very  complicated  struc- 
iie  have  been  described  by  Beale,  and  subsequently  by  Arnold,  The 
?Il8  are  inclosed  ea<:!h  in  a  nucleated  capsule:  tliey  are  pyriform  in  shape, 
ad  from  the  pointed  end  two  fibres  are  given  otT,  which  gradually 
squire  the  characters  of  nerve-fihres.  one  of  them  is  straight,  and  the 
ther  (which  sometimes  arises  from  the  cell  by  two  roots)  is  spirally 
t>iled  around  it. 

According  to  Gaskell  the  functions  of  the  main  sympathetic  ganglia 
fe  the  following: — (L)  They  effect  the  conversion  of  medullated  into 
OB-medn Hated  fibres;  (2.)  They  possess  a  nutritive  influence  over  the 
erves  which  pass  from  them  to  the  periphery;  (3,)  They  increase  the 
Umber  of  fibres  at  tlie  same  time  lis  they  cause  the  removal  of  the 

iulla.     As  regards  their  possession  of  the  usual  properties  of  nerve- 
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centres  little  or  nothing  is  certainly  known.     It  appears  unlikely  Art 
they  possess  the  reflex  functions  of  the  spinal  centres. 

As  a  contribution  toward  the  explanation  of  the  nervous  mechanism  1 
of  nutrition  comes  in  Oaskell's  theory  of  katabolic  and  anabolkmrm 
He  supposes  that  every  tissue  is  supplied  with  two  sets  of  nerYes,  Ae  \ 
former  of  which  corresponds  with  the  motor  nerve,  the  viscero-motor 
and  the  card io-augmentor,  by  the  stimulation  of  which  an  increase  of 
the  metabolism  takes  place,  and  which  is  followed  by  exhaustion.  It 
may  be  accompanied  either  by  contraction  of  a  muscle  or  by  an  increi» 
of  contraction.  Such  a  nerve  is  excellently  illustrated  by  the  sympa- 
thetic augmentor  or  accelerator  nerve  of  the  heart,  on  stimalation 
which  an  increase  in  the  force  and  frequency  of  the  heart  takes  jdio^ 
followed  after  a  time  by  exhaustion.  A  katabolic  nerve  stimulateB 
destrujctivo  metabolism  which  is  always  going  on  in  a  tissae. 
anabolic  nerve  is  the  exact  opposite  of  the  katabolic  nerve  in  fanctioH 
It  subserves  constructive  metabolism.  Stimulation  of  the  nerve  pel 
duces  diminished  activity,  repair  of  tissue  and  building  np.  An 
pie  of  this  kind  of  nerve  is  seen  in  the  cardiac  vagus,  stimulation  o 
which  produces  inhibition.  Inhibition  must  generally  be  looked  o] 
as  an  anabolic  process. 

It  will  bo  seen  that  the  results  of  stimulation  of  the  nerves  to 
salivary  glands,  discussed  in  a  former  chapter,  appear  to  support 
theory,  that  the  processes  of  constructive  and  destructive  metaboU 
are  under  the  control  of  separate  nerve-fibres.  In  the  case  of  thewl 
maxillary  gland  for  example,  if  the  sympathetic  fibres  be  stimulated, 
katabolic  cfTect  is  produced,  and  the  materials  of  secretion  are  formedl 
the  expense  of  the  protophism  (this  action  in  the  case  of  the  glU 
Heidenhain  calls  trophic);  if  on  the  other  hand  the  chorda  tympani 
the  secretory  nervo  be  stimulated,  two  things  happen,  one  being  i 
discharge  of  water  and  the  materials  of  secretion  from  the  gland  eel 
and  the  other  the  building  up  or  reconstruction  of  the  protoplasm  of  fl 
cells.  A  part  of  this  action  at  any  rate  is  anabolic,  and  similar  to 
action  of  inhibitory  nerves. 

i 


CHAPTER    XTIL 

THE    SENSES. 

i^mmral  Consideratimis. — Through  the  medium  of  the  nervous  sya- 
H  the  mind  obtains  a  knowledge  of  the  existence  both  of  the  various 
•tft  of  the  body,  and  of  the  external  world.  This  knowledge  is  based 
In  setisations  resulting  from  the  stimulation  of  certain  centres  in  the 
in,  by  irritations  conveyed  to  them  by  afferent  nerves*  Under  normal 
Kimstaiicea,  the  following  structures  are  necessary  for  sensation:  {a) 
peripheral  organ  for  the  reception  of  the  impression ;  [h)  a  nerve  for 
ducting  it;  {c)  a  nerve-centre  for  feeling  or  perceiving  it. 
Classification  of  Sensaliotis. — Sensations  may  be  conveniently  claaaed 
[1)  common  and  (2)  special. 

(1.)  Common  Sensations. — Under  this  head  fall  all  those  general 
Bations  which  cannot  be  distinctly  localized  in  any  particular  part  of 
body,  such  as  fatigue,  discomforiy  faintness^  satieiy^  together  with 
\ger  and  thirsty  in  which,  in  addition  to  a  general  discomfort,  there  is 
many  persons  a  distinct  sensation  referred  to  the  stomach  or  fauces* 
this  class  must  also  be  placed  the  various  irritations  of  the  mucous 
feibrane  of  the  bronchi,  which  give  rise  to  coughing,  and  also  the 
lations  derived  from  various  viscera  indicating  the  necessity  of  ex- 
ling  their  contents;  e,g.,  the  desire  to  defaecate,  to  urinate,  and,  in 
I  female,  the  sensations  which  precede  the  expulsion  of  the  fcetus. 
\  must  also  include  such  sensations  as  itching,  creeping,  tickling, 
^ing,  burning,  aching,  etc.,  some  of  which  come  under  the  head  of 
ir  they  will  be  again  referred  to  in  describing  the  tactile  sense.  It 
impossible  to  draw  a  very  clear  line  of  demarcation  between  many  of 
I  oommon  sensations  above  mentioned,  and  the  sense  of  touch,  which 
tms  the  connecting  link  between  the  general  and  special  sensations, 
inch  is,  indeed,  nsually  classed  with  the  special  senses,  and  will  be 
isidered  in  the  same  group  with  them;  yet  it  differs  from  them  in 
ng  oommon  to  many  nerves.  Among  common  sensations  some  would 
Je  the  muscular  sense,  which  has  been  already  alluded  to.  It  is  by 
IBB  of  this  sense  that  we  become  aware  of  the  condition  of  th©  mus- 
I,  and  thus  obtain  the  information  necessary  for  their  adjustment  to 
ions  purpose—standing,  walking,  grasping,  etc.  This  muscular 
libility  (to  which  we  shall  again  refer)  is  shown  in  our  power  to  esti- 

4^  e57 
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mat6  tho  differences  between  weights  by  the  different  muscular  e5 
neo06s&ry  to  raise  them.  It  must  be  carefully  distinguished  fiom 
sense  of  contact  and  of  pressure,  of  which  the  skin  is  the  organ.  Wbi 
standing  erect,  we  can  feel  the  ground  (contact),  and  further  there i 
seuBe  of  pressure,  due  to  our  feet  being  pressed  against  the  ground 
the  weight  of  the  body.  Both  these  are  derived  from  the  skin  of 
sole  of  the  foot.  If  now  we  raise  the  body  on  the  toes,  we  are  conscM 
(muscular  sense)  of  a  muscular  effort  made  by  the  muscles  of  the 
which  overcomes  a  certain  resistance. 

(2.)  Special  Sensations. — Including  the  sense  of  touch,  the  Bpe( 
senses  are  five  in  number — Touch,  Taste,  Smell,  Hearing,  Sight. 

The  most  important  distinction  between  common  and  special 
tions  is  that  by  the  former  we  are  made  aware  of  certain  conditioui 
various  parts  of  our  bodies,  while  from  the  latter  we  gain  our  knowW 
of  the  external  world  also.  This  difference  will  be  clear  if  we  com 
the  sensations  of  pain  and  touch,  the  former  of  which  is  a  common, 
latter  a  special  sensation*  **  If  we  place  the  edge  of  a  sharp  knifo 
the  skin,  we  feel  the  edge  by  means  of  our  sense  of  touch ;  we  pisroe 
a  sensation,  and  refer  it  to  the  object  which  has  caused  it.  But  as 
as  we  cut  the  skin  with  the  knife,  we  feel  pain,  a  feeling  which  wq 
longer  refer  to  the  cutting  knife,  but  which  we  feel  within  our8eh 
and  which  communicates  to  us  the  fact  of  a  change  of  condition  in 
own  body.  By  the  sensation  of  pain  we  are  neither  able  to  recogs 
the  object  which  c^iused  it,  nor  its  nature." 

In  studying  the  phenomena  of  sensation,  it  is  important  clearly 
understand  that  the  sensorimn^  or  seat  of  sensation,  is  in  the  brain, 
not  in  the  particular  organ  through  which  the  sensory  impression  is 
ceived.     In  common  parlance  we  are  said  to  see  with  the  eye,  hear 
the  ear,  etc.,  but  in  reality  these  organs  are  only  adapted  to 
impressions  which,  being  conducted  to  the  sensorium^  through  their 
spective  nerves  give  rise  to  sensation. 

Hence,  if  the  optic  nerve  is  severed,  vision  is  no  longer  possib 
since,  although  the  image  falls  on  the  retina  as  before,  the  sensorji 
pression  can  no  longer  be  conveyed  to  the  sensorium.  When  any  p 
sensation  is  felt,  all  that  we  can  with  certainty  afErm  is  that  some  pi 
of  the  brain  is  excited.  The  exciting  cause  may  be  some  object  of 
external  world,  producing  an  objective  sensation;  or  the  condition  of 
senaorium  may  be  duo  to  some  excitement  within  the  brain  itself 
which  case  the  sensation  is  termed  subjective.  The  mind  habituallj 
fers  sensations  to  external  causes;  and  hence,  whenever  they  are  siibj 
tive  we  can  hardly  divest  ourselves  of  the  idea  of  an  external  cattse,  i 
an  illusion  is  the  result. 

Numberless  examples  of  such  illusions  might  be  quoted.     As  iid^ 
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i  may  be  mentioned,  humming  aiid  buzzing  in  the  ears  caused  by 
me  irritation  of  the  auditory  nerve  or  centre,  and  even  muiical  sounds 
kd  Yoic^  (sometimes  termed  auditory  spectiti) ;  also  so-called  optical 
Qfliona:  objects  arc  described  aa  seen,  although  not  present*  Such 
Tisions  are  most  strikingly  exemplified  in  cases  of  delirium  tremens  or 
ber  forms  of  delirium,  and  may  take  the  form  of  cats,  rats,  creeping 
Ithaome  forms,  etc. 

'  OauMU  of  Ilhisioiis, — One  uniform  inter  rial  cause,  which  may  act  on 
the  nerves  of  the  senses  in  the  aame  manner,  is  capillary  coogestiou, 
is  one  eauae  excites  in  the  retina,  while  the  eyes  arc  closed,  the  aensa- 
13  of  light  and  luminous  flashes;  in  the  auditory  nerve,  the  sensation 
humming  and  ringing  sounds;  in  the  olfactory  nerve,  the  sense  of 
>rs;  and  in  the  nerves  of  feeling,  the  sensation  of  pain.  In  the  same 
f,  also,  a  narcotic  substance  introduced  into  the  blood,  excites  in  the 
Tee  of  each  sense  peculiar  symptoms:  in  the  optic  nerves,  the  appear- 
te  of  luminous  sparks  before  the  eyes;  in  the  auditory  nerves,  iinnitu& 
Hum;  and  in  the  common  sensory  nerves,  the  sensations  of  creeping 
w  the  surface.  So,  also,  among  externa/  causes,  the  stimulus  of  elec- 
riCy,  or  the  mechanical  influence  of  a  blow,  concussion,  or  pressure, 
dtee  in  the  eye  the  sensation  of  light  and  colors;  in  the  ear,  a  sense 
aloud  sound  or  of  ringing;  in  the  tongue,  a  saline  or  acid  taste;  and 
the  other  parts  of  the  body,  a  perception  of  peculiar  jarring  or  of  the 
ohAnical  impression,  or  a  shock  like  it. 

Experiments  seem  to  have  proved,  however,  that  none  of  the  neryes 
special  sense  possess  the  faculty  of  common  sensibility. 
Perceptions. — The  habit  of  constantly  referring  our  sensations  to  ex- 
nal  causes,  leads  us  to  interpret  the  various  modifications  which 
emal  objects  produce  in  our  sensations,  as  properties  of  the  external 
liee  themselves.  Thus  we  speak  of  certain  substances  as  possessing  a 
igreeable  taste  and  smell;  whereas,  the  fact  is,  their  taste  and  smell 

only  disagreeable  to  ns.  It  is  evident,  however,  that  on  this  habit 
referring  our  sensations  to  causes  outside  ourselves  (perception),  de- 
idB  the  reality  of  the  external  world  to  us;  and  more  especially  is  this 

caoe  with  the  senses  of  touch  and  sight  By  the  co-operation  of 
ee  two  senses,  aided  by  the  others,  we  are  enabled  gradually  to  at- 
I  a  knowledge  of  external  objects  which  daily  experience  confirms, 
ril  wo  come  to  place  unbounded  confidence  in  what  is  termed  the 
lence  of  the  senses. 

Judgments. ^-W^  must  draw  a  distinction  between  mere  sensations, 
I  the  judgments  based,  often  unconsciously,  upon  them.  Thus,  in 
king  at  a  near  object,  we  unconsciously  estimate  its  distance  and  say 
eems  to  be  ten  or  twelve  feet  off;  but  the  estimate  of  its  distance  is 
i^ity  a  judgment  based  on  many  things  besides  the  appearance  of 
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the  object  itself;  among  which  may  be  mentioned  the  number  ofiBtef- 
veniDg  objects,  the  number  of  steps  which  from  past  experience  «i 
know  we  must  take  before  we  could  -touch  it,  and  many  others. 

The  Special  Sekses. 

I.  Touch. 

Seai. — The  sense  of  touch  is  not  confined  to  particular  parts  of  te: 
body  of  small  extent,  like  the  other  senses;  on  the  contrary,  all  pull 
capable  of  perceiving  the  presence  of  u  stimulus  by  ordinary  sensi 
are,  in  a  certain  degrees,  the  seat  of  this  sense;  but  touch  should  not t| 
considered  as  a  mere  modification  or  exaltation  of  common  sensationt 
sensibility.  For  although  the  nerves  on  which  the  sense  of  touch  li 
pends,  are  the  same  as  those  which  confer  ordinary  sensation  on  fli 
different  parts  of  the  body,  viz.,  those  derived  from  the  posterior nMM 
of  the  nerves  of  the  spinal  cord,  and  the  sensory  cerebral  nervea,  jek  il 
seems  probable  that  the  nerve-fibres  which  subserve  the  special  nsomi 
touch  are  provided  with  special  end  organs. 

All  parts  of  the  body  supplied  with  sensory  nerves  are  thus,  in  km 
degree,  organs  of  touch,  yet  the  sense  is  exercised  in  perfection  only 
those  parts  the  sensibility  of  which  is  extremely  delicate,  e.g.,  the  ddi^ 
the  tongue,  and  the  lips,  which  are  provided  with  abundant  papiDtj 
A  peculiar  and,  of  its  own  kind  in  each  case,  a  very  acute  sense  of  toodil 
is  exercised  through  the  medium  of  the  nails  and  teeth.  To  a  lessexteflk 
the  hiiir  may  be  reckoned  an  organ  of  touch;  as  in  the  case  of  theejw 
lashes.  The  sense  of  touch  renders  us  conscious  of  the  presence  of  i| 
stimulus,  from  the  slightest  to  the  most  intense  degree  of  its  action,  tj 
that  indescribable  something  which  wo  call  feeling,  or  common  sen* 
tion.  The  modifications  of  this  sense  often  depend  on  the  extent  of « 
parts  affected.  The  sensation  of  pricking,  for  example,  informs  us  ttf 
the  sensitive  fibres  arc  intensely  affected  in  a  small  extent;  the  senatii 
of  pressure  indicates  a  slighter  affection  of  the  parts  in  the  greater  «i 
tent,  and  to  a  greater  depth.  It  is  by  the  depth  to  which  the  parts  tf 
affected  that  the  feeling  of  pressure  is  distinguished  from  that  of  mH 
contact. 

Varieties. — {a)  The  sense  of  touch  proper,  tactile  sensibility  or  pn 
sure,  {b)  temperature.  These  when  carried  beyond  a  certain  degree  i 
merged  in  the  sensation  of  {c)  pain. 

Touch  proper. — In  almost  all  parts  of  the  body  which  have  del 
cate  tactile  sensibility  the  epidermis,  immediately  over  the  papillSi 
moderately  thin.  When  its  thickness  is  much  increased,  as  over  t 
heel,  the  sense  of  touch  is  very  much  dulled.  On  the  other  hand,  wb 
it  is  altogether  removed,  and  the  cutis  laid  bare,  the  sensation  of  oo 
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•t  is  replaced  by  one  of  pain.  Further,  in  all  highly  senaitiTO  parts, 
5  papilliB  are  numerous  and  highly  vascular,  and  the  sensorj  nenres 
>  connected  with  special  end'Orgaus  which  have  been  described  p.  99 

The  special  endings  of  the  nervea  which  have  to  do  with  touch  may, 
m^BT,  be  here  again  mentioned.  They  are  of  two  kinds,  viz.,  (a) 
rh  corpnsdefiiy  which  are  found  chiefly  in  the  liaiids  and  feet,  particn- 
Ton  the  palmar  surf  ace  of  the  hands  and  fingers,  but  also  on  the 
ler  surface  of  the  forearm,  nipple,  eyelids,  lips,  and  genital  organs, 
ich  corpuscles  are  situated  in  the  cutis  vera,  (b)  end  bulbs^  which 
found  in  conjunct! vsb  and  other  mucous  membranes,  the  lips,  genital 
WIS,  tongue,  rectum,  and  elsewhere,  but  not  in  the  skin  proper.  As 
jds  the  Pacinian  corpuscles  and  similar  end-organs,  which  iire  so 
sly  distributed,  and  which  may  be  in  some  way  connected  with  the 
fttion,  when  they  are  found  in  the  skin  they  are  situated  very  deeply 
he  cutis  vera  or  in  the  subcutaneous  tissue.  They  are  extremely 
lerous  on  the  nerves  of  the  palmar  surface  of  the  fingers.  In  all  of 
B  endings,  and  in  similar  ones  found  in  other  animals,  the  nerve 
t,  as  in  ajiis  cylinder,  in  a  special  development  of  the  connective  tis- 
sheath.  In  addition  to  these  special  nerve-endings,  nerve-fibres 
far  to  terminate  everywhere  in  the  skin  between  the  cells  of  the 
>ighian  stratum  of  the  epidermis  in  the  ends,  and  in  certain  animals 
I  of  them  appear  to  end  in  special  and  rather  large  cells, 
t  is  practically  impossible  to  distinguish  between  what  is  called 
s  contact  and  touch  in  which  the  element  of  pressure  comes  in. 
acuteness  of  the  sense  of  touch  depends  very  largely  on  the  cutane- 
jircnlation,  which  is  of  course  largely  influenced  by  external  temper- 
».  Hence  the  numbness,  familiar  to  every  one,  produced  by  the 
ication  of  cold  to  the  skin. 

icutetims  of  ike  Sense. — The  perfection  of  the  sense  of  touch  on 
rent  parts  of  the  surface  is  proportioned  to  the  power  which  such 
i  possess  of  distinguishing  and  isolating  the  sensations  produced  by 
points  placed  close  together.  This  power  depends,  at  least  in  part, 
he  number  of  primitive  nerve*fibres  distributed  to  the  part;  for  the 
r  the  primitive  fibres  which  an  organ  receives,  the  more  likely  is  it 

eeveral  impressions  on  different  contiguous  points  will  act  on  only 
nervous  fibre,  and  hence  be  confounded,  and  perhaps  produce  but 
sensation.  Experiments  have  been  made  to  determine  tlie  tactile 
lerties  of  different  parts  of  the  skin,  as  measured  by  this  power  of 
ngnishing  distances.     These  consist  in  touching  the  skin,  while  the 

are  closed,  with  the  points  of  a  pair  of  compasses  sheathed  with 
,  and  in  ascertaining  how  close  the  points  of  compasses  might  be 
ght  to  each  other,  and  still  be  felt  as  two  bodies. 
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Table  of  Tariations  in  the  tactile  sensibility  of  the  different  part8.-7lie  meo- 
turement  indicates  the  least  distance  at  which  the  two  bwnted  points  of  a 
pair  of  compasses  could  he  separately  distinguished.     (E.  H.  Weber.) 

Tip  of  tongue 

Palmar  surface  of  third  phalanx  of  forefinger 
Palmar  surface  of  second  phalanges  of  fin^rs 

Red  surface  of  under-lip 

Tip  of  nose 

Middle  of  dorsum  of  tongue 

Palm  of  hand 

Centre  of  hard  palate 

Dorsal  surface  of  first  phalanges  of  fingers 

Back  of  hand 

Dorsum  of  foot  near  toes 

Gluteal  region 

Sacral  region 

Upper  and  lower  parts  of  forearm         .... 

Back  of  neck  near  occiput 

Upper  dorsal  and  mid-lumbar  regions  .... 

Middle  part  of  forearm 

Middle  of  thigh 

Mid-cervical  region 

Mid-dorsal  region 


^inch 

Imm. 

1           44 
\          U 
f           tt 

2  " 
4  * 
4  • 

i      " 

6  ' 

X- 

8  * 
10  - 

i  " 

18  • 

.1- 

14  • 
25  - 

u  - 

87  • 

u  « 

W  • 

U    " 

37  • 

u  - 

87  - 

2      « 

50  " 

2      - 

60  • 

n  « 

es  • 

2*    - 

es  - 

2i    - 

e2  * 

24    - 

63  • 

Moreover,  in  the  case  of  the  limbs,  it  was  found  that  before  the] 
were  recognized  as  two,  the  points  of  the  compasses  had  to  be  fuHk 
separated  when  the  line  joining  them  was  in  the  long  axis  of  thelimh 
than  when  in  the  transverse  direction. 

According  to  Wober  the  mind  estimates  the  distance  between  tiw 
points  by  the  number  of  unexcited  nerve-endings  which  intervene  be 
tween  the  two  points  touched.  It  would  appear  that  a  certain  numbei 
of  intervening  unexcited  nerve-endings  are  necessary  before  two  pointi 
touched  can  be  recognized  as  separate,  and  the  greater  this  number  th 
more  clearly  are  the  points  of  contact  distinguished  as  separate.  ^ 
practice  the  delicacy  of  a  sense  of  touch  may  be  very  much  increasei 
A  familiar  illustration  occurs  in  the  case  of  the  blind,  who,  by  constanl 
practice,  can  acquire  the  power  of  reading  raised  letters  the  forms d 
which  are  almost  if  not  quite  undistinguishable  by  the  sense  of  touch  h 
an  ordinary  person. 

Localization, — The  power  of  correctly  localizing  sensations  of  toni 
is  gradually  derived  from  experience.  Thus  infants  when  in  pain  si» 
ply  cry,  but  make  no  effort  to  remove  the  cause  of  irritation,  as  an  oldei 
child  or  adult  would,  doubtless  on  account  of  their  imperfect  knowledgi 
of  its  exact  situation. 

Illusions, — The  different  degrees  of  sensitiveness  possessed  by  di8(»' 
ent  parts  may  give  rise  to  errors  of  judgment  in  estimating  the  distand 
between  two  points  where  the  skin  is  touched.  Thus,  if  blunted  poin* 
of  a  pair  of  compasses  (maintained  at  a  constant  distance  apart)  ^ 
slowly  drawn  over  the  skin  of  the  cheek  toward  the  lips,  it  is  almost  ii* 
possible  to  resist  the  conclusion  tliat  the  distance  between  the  points  M 


Sradually  increasiBg.  When  they  reach  the  lips  they  seem  to  bo  consid- 
ftrahly  further  apart  than  on  the  cheek.  Thus,  too,  our  estimate  of  the 
ttxa  of  a  cavity  in  a  tooth  is  usually  exaggerated  when  baaed  upon  seosa- 
hon  derived  from  the  tongue  alone.  Another  curious  illusion  may  here 
i^  mentioned.  If  we  close  the  eyes,  and  place  a  small  marble  or  pea 
i^tween  the  crossed  fore  and  middle  fingers,  we  seem  to  be  touching  two 
tuubles.  This  illusion  ia  due  to  an  error  of  judgment.  The  marble  is 
■cmched  by  two  surf  aces  which^  under  ordinary  circumstances,  could 
•nlj  be  touched  by  two  separate  marbles,  hence  the  mind,  taking  no 
sofniiance  of  the  fact  that  the  fingers  are  crossed,  forms  the  conclusioo 
faat  two  acnsations  are  due  to  two  marbles. 

Temperature.— The  whole  surface  of  the  body  is  more  or  less  sen- 
tive  to  differences  of  temperature.  The  sensation  of  heat  is  distinct 
om  that  of  touch:  and  it  would  seem  reasonable  to  auppoee  that  there 
«  special  nerves  and  nerve-endinga  for  temperature.  At  any  rate  the 
>wer  of  discriminating  temperature  may  remain  unimpaired  when  the 
nse  of  touch  is  temporarily  in  abeyance.  Thus  if  the  ulnar  nerve  be 
impressed  at  the  elbow  till  the  sense  of  touch  is  very  much  dulled  in 
le  fingers  which  it  supplies,  the  sense  of  temperature  remains  quite 
laflected. 

The  sensations  of  heat  and  cold  are  often  exceedingly  fallacious,  and 

many  cases  are  no  guide  at  all  to  the  absolute  temperature  as  indi- 
ted by  a  thermometer.  All  that  we  can  with  safety  infer  from  our 
Bsations  of  temperature,  is  that  a  given  object  is  warmer  or  cooler 
an  the  skin.  Thus  the  temperature  of  our  skin  is  the  standard ;  and 
this  varies  from  hour  to  hour  according  to  the  activity  of  the  cutane- 
is  circulation,  our  estimate  of  the  absolute  temperature  of  any  body 
ast  necessarily  vary  too.  If  we  put  the  left  hand  into  water  at  5°  C. 
O"*  R)  and  the  right  into  water  at  45"'  C.  (110"'  F.),  and  then  immerse 
ith  in  water  at  27°  C.  (80^^  F.),  it  will  feel  warm  to  the  left  hand  but 
ol  to  the  right,  Again,  a  piece  of  metal  which  has  really  the  same 
mperature  aa  a  given  piece  of  wood  will  feel  much  colder^  since  it  con- 
icta  away  the  heat  much  more  rapidly.  For  the  same  reason  air  in 
)tion  feels  very  much  cooler  than  air  of  the  same  temperature  at  rest. 

In  some  cases  we  are  able  to  form  a  fairly  accurate  estimate  of  abso- 
te  temperature.  Thus,  by  plunging  the  elbow  into  a  bath,  a  practised 
th-attendant  can  tell  the  temperature  sometimes  within  half  a  degree 
itigrade. 

The  temperatures  which  can  be  readily  discriminated  are  between 
^-45°  0.  (50°-115''  F.);  very  low  and  very  high  temperatures  alike 
idnce  a  burning  sensation.  A  temperature  appears  higher  according 
the  extent  of  cutaneous  surface  exposed  to  it.  Thus,  water  of  a  tem- 
ratare  which  can  be  readily  borne  by  the  hand,  is  quite  intolerable  if 
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the  whole  body  ho  immerged.     80,  too,  water  appean  much  hotter 

the  hand  than  to  a  single  finger. 

The  delicacy  of  the  sense  of  temperature  coincides  in  the  main  witl 
that  of  toueh,  and  appears  to  de|}end  largely  on  the  thickneas  of  thtl 
akin;  hence,  in  the  elbow,  where  the  skin  is  thin,  the  sense  of  tempeia-| 
ture  is  delicate,  though  that  of  touch  is  not  remarkably  so.  Weber  hii| 
further  ascertained  the  following  facts  r  two  compass  points  so  near  to*| 
gether  on  the  skin  that  they  prodtice  but  a  single  impression,  at  oua 
give  rise  to  two  Bensationa,  when  one  is  hotter  than  the  other.  Moro»l 
over,  of  two  bodies  of  equal  weight,  that  which  is  the  colder  feels  heavier] 
than  the  other. 

As  every  sensation  is  attended  with  an  idea,  and  leaves  behind  it  laJ 
idea  in  the  mind  which  can  be  reproduced  at  will,  we  are  enabled  to  00m- J 
pare  the  idea  of  a  past  sensation  with  another  sensation  really  present  [ 
Thus  we  can  compare  the  weight  of  one  body  with  another  which  wtl 
had  previously  felt,  of  which  the  idea  is  retained  in  our  mind.  Weber  | 
was  indeed  able  to  distinguish  in  this  mann^  between  temperatures, 
experienced  one  after  the  other,  better  than  between  temperatures  to] 
which  the  two  hands  were  aimultaneously  subjected.  This  power  oti 
comparing  present  with  past  sensations  diminishes,  however,  in  propoM 
tion  to  the  time  which  has  elapsed  between  them.  A/ter-Bengaiioml 
by  impressions  on  nerves  of  common  sensibility  or  touch  are  very  vi^ 
and  durable.  As  long  aa  the  condition  into  which  the  stimulus  haiJ 
thrown  the  organ  endures,  the  sensation  also  remains,  though  theeicit^j 
ing  cause  should  have  long  ceased  to  act.  Both  painfnl  and  pleaeumbleJ 
sensations  afford  many  examples  of  this  fact, 

Stibjeciim  setisaUons^  or  sensations  dependent  on  internal  caosei,  J 
in  no  sense  more  frequent  than  in  the  sense  of  touch.  All  the  sei 
of  pleasure  and  pain,  of  heat  and  cold,  of  lightness  imd  weight,  of  fipl 
tigue,  etc,,  may  be  produced  by  internal  causes.  Neuralgic  pains,  the] 
sensation  of  rigor,  formication  or  the  creeping  of  ants,  and  the  states  of  j 
the  sexual  organs  occurring  during  sleep,  a^ord  striking  examples  oil 
subjective  sensations*  The  mind  has  a  remarkable  power  of  eicitiBgl 
sensations  in  the  nerves  of  common  sensibility :  just  as  the  thought  oil 
the  nauseous  excites  sometimes  the  sensation  of  nausea,  so  the  idea o(l 
pain  gives  rise  to  the  actual  sensation  of  pain  in  a  part  predisposed  to! 
it  J  numerous  examples  of  this  influence  might  be  quoted. 

Pain. — As  regards  painful  sensations,  three  views  can  be  taken: 
that  it  is  a  special  sensation  provided  with  a  special  conducting  apparatuil 
in  each  part  of  the  body;  2,  that  it  is  produced  by  an  over-stimulatioaj 
of  the  special  nerves  concerned  with  touch  or  temperatnre,  or  of 
other  nerves  of  special  sense;  or  3,  that  it  is  an  over-stiranlation  of 
nerves  of  common  sensation,  which  tell  us  of  the  condition  of  our  owbI 
bodies,  both  of    the  surface  and  also  of   the  internal  organs.    Tbeicl 
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a  to  be  mucli  Jn  favor  of  all  of  these  views.  The  weight  of  evi- 
e  is,  however,  rather  against  there  beiog  anjr  special  pain  Beiiee  with 
t€ial  eDd-orgai3  and  fibres.  It  isj  however,  certain  that  even  if  any 
itj  of  pain  be  a  special  sensatioD,  bo  me  kind  of  pain  may  be  pro- 
d  by  stimulation  of  the  bare  sensory  nerves  apart  from  any  special 
1  of  Derve  termination*  It  ia  said  that  the  main  difference  between 
sommon  sensation  which  tells  us  of  the  condition  of  all  parts  of  the 

and  of  which  thirst  and  hnuger  are  but  examples,  the  one  inform- 
18  of  the  condition  of  the  palate  and  the  other  of  the  state  of  our 
acb,  and  the  special  sense  of  tonch  and  temperature,  is  that  the 
r  are  provided  with  special  apparatus.  By  means  of  this  apparatus 
re  able  to  localize  the  sensation  from  which  it  is  possible  to  form 
meDtfl.  Such  a  special  apparatus  is  evidently  not  absolutely  essen- 
for  the  sensation  of  pain,  but  this  does  not  exclude  the  idea  that 

may  result  from  over-stimulation  of  a  nerve  of  special  sense  or  of 
enniDation* 

The  Muscular  Sense,-^The  estimate  of  a  weight  is  usually  based 
wo  sensations:  Ij  of  pressure  on  the  skin,  and  2,  the  muscular  sense. 
rhe  estimate  of  weight  derived  from  a  combination  of  these  two 
ations  (as  in  lifting  a  weight)  is  more  accurate  than  that  derived 
1  the  former  alone  (as  when  a  weight  is  laid  on  the  hand);  thus 
mr  found  that  by  the  former  method  he  could  generally  distinguish 
oz.  from  20  oz.,  but  not  19f  oz.  from  20,  while  by  the  latter  he  could 
lost  only  distinguish  14^  oz.  from  15  oz. 

tt  is  not  the  absolute,  but  the  relative,  amount  of  the  difference  of 
rht  which  we  have  thus  the  faculty  of  perceiving, 
[t  is  not,  however,  certain,  that  our  idea  of  the  amount  of  muscular 
e  used  is  derived  solely  from  the  muscular  sense.  We  have  the 
er  of  estimating  very  accurately  beforehand,  and  of  regulating,  the 
unt  of  nervous  influence  neoessary  for  the  production  of  a  certain 
"©e  of  movement.  When  wo  raise  a  vessel,  with  the  contents  of 
3h  we  are  not  acquainted,  the  force  we  employ  is  determined  by  the 
.  we  have  conceived  of  its  weight.  If  it  should  happen  to  contain 
9  very  heavy  substance,  as  quicksilver,  we  shall  probably  let  it  fall; 
amount  of  muscular  action,  or  of  nervous  energy,  which  we  had 
ted  being  insufficient.  The  same  thing  occurs  sometimes  to  a  person 
ending  stairs  in  the  dark;  he  makes  the  movement  for  the  descent 
step  which  does  not  exist.     It  is  possible  that  in  the  same  way  the 

of  weight  and  pressure  in  raising  bodies,  or  in  resisting  forces,  may 
lart  arise  from  a  consciousness  of  the  amount  of  nervous  energy 
tmitted  from  the  brain  rather  than  from  a  sensation  in  the  muscles 
iselves.  The  mental  conviction  of  the  inability  longer  to  support  a 
bt  mnst  also  be  distinguished  from  the  actual  sensation  of  fatigue 
\e  muscles. 
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So,  with  regard  to  the  ideas  derived  <rom  sensations  of  tonch  con 
bined  with  movements,  it  is  doubtful  how  far  the  consciousness  of  tl 
extent  of  muscular  movement  is  obtained  from  sensations  in  the  ffluscl 
themselves.  The  sensation  of  movement  attending  the  motions  of  tl 
hand  is  very  slight;  and  persons  who  do  not  know  that  the  action 
particular  muscles  is  necessary  for  the  production  of  given  movemen 
do  not  suspect  that  the  movement  of  the  fingers,  for  example,  depei 
on  an  action  in  the  forearm.  The  mind  has,  nevertheless,  a  very  defin 
knowledge  of  the  changes  of  position  produced  by  movements;  and 
is  on  this  that  the  ideas  which  it  conceives  of  the  extension  and  form 
a  body  are  in  great  measure  founded. 

There  is  no  marked  development  of  common  sensibility  to  be  ma 
out  in  muscles :  they  may  be  cut  without  the  production  of  pain.  On  t 
other  hand,  there  is  no  doubt  that  afferent  impulses  must  pass  upwa 
from'muscles  and  tendons  acquainting  the  brain  with  their  conditic 
This,  then,  must  be  a  special  sense.  It  has  been  suggested  that  the  mint 
end-bulbs  of  Oolgi  found  in  tendons,  and  that  the  Pacinian  oorposdee 
the  neighborhood  of  joints,  are  the  terminal  organs  of  this  special  seni 

Judgment  of  the  Form  and  Size  of  Bodies. — By  the  sense  of  touch  i 
mind  is  made  acquainted  with  the  size,  form,  and  other  external  chi 
acters  of  bodies.  And  in  order  that  these  characters  may  be  easi 
ascertained,  the  sense  of  touch  is  especially  developed  in  those  pai 
which  can  be  readily  moved  over  the  surface  of  bodies.  Touch,  in  i 
more  limited  sense,  or  the  act  of  examining  a  body  by  the  touch,  conffl 
merely  in  a  voluntary  employment  of  this  sense  combined  with  mof 
mcnt,  and  stands  in  the  same  relation  to  the  sense  of  touch,  or  commc 
sensibility,  generally,  as  the  act  of  seeking,  following,  or  examinn 
odors,  does  to  the  sense  of  smell.  The  hand  is  the  best  adapted  fori 
by  reason  of  its  peculiarities  of  structure, — namely,  its  capability  ( 
pronation  and  supination,  which  enables  it,  by  the  movement  of  roti 
tion,  to  examine  the  whole  circumference  of  the  body;  the  power: 
possesses  of  opposing  the  thumb  to  the  rest  of  the  hand,  and  the  relati^ 
mobility  of  the  fingers;  and  lastly  from  the  abundance  of  the  senwi 
terminal  organs  which  it  possesses.  In  forming  a  conception  of  tt 
figure  and  extent  of  a  surface,  the  mind  multiplies  the  size  of  the  htf 
or  fingers  used  in  the  inquiry  by  the  number  of  times  which  it  is  c(8 
tained  in  the  surface  traversed;  and  by  repeating  this  process  wii 
regard  to  the  different  dimensions  of  a  solid  body,  acquires  a  notiom 
its  cubical  extent,  but,  of  course,  only  an  imperfect  notion,  as  oth 
senses,  e.g.^  the  sight,  are  required  to  make  it  complete. 

It  is  impossible  in  this  consideration  to  say  how  much  of  our  knol 
edge  of  the  thing  touched  depends  upon  pressure  and  how  much  upc 
the  muscular  sense. 
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IL  Taste. 

ditiom  necessary. — The  conditions  for  the  perceptiona  of  taate 
— 1,  the  presenoe  of  a  nerve  and  nerve-centre  with  special  endow- 
lents;  2,  the  excitation  of  the  nerve  by  the  sapid  matters,  which  for 
purpose  must  be  in  a  state  ofsolutian;  3,  a  temperature  of  about  37** 
40**  C.  (98''  to  100"*  F,),  The  nerves  concerned  in  the  production  of 
le  sense  of  taste  have  been  already  considered  (p.  349  ei  seq.)  The  mode 
action  of  the  substances  which  excite  taste  consists  in  the  production 
a  change  in  the  condition  of  the  gustatory  nerves,  and  the  conduction 
the  stimulus  thus  produced  to  the  nerve-centre ;  and,  according  to 
e  difference  of  the  susbtances,  an  infinite  variety  of  changes  of  condi- 
of  the  nerves,  and  consequently  of  Btimohitions  of  the  gustatory 
tre,  may  be  induced.  Tli©  matters  to  bo  tasted  must  either  be  in 
ilation  or  be  soluble  in  the  moisture  covering  the  tongue;  hence  insolu- 
e  substances  are  usually  tasteless,  and  produce  merely  sensations  of 
meh.  Moreover,  for  the  perfect  action  of  a  sapid,  as  of  an  odorous  sub- 
ttnce,  it  is  neceasary  that  the  sentient  surface  should  bo  moisL  Hence, 
hen  the  tongue  and  fauces  are  dry,  sapid  substances^  even  in  solution, 
re  with  difficulty  tasted. 

The  nerves  of  taste,  like  the  Dervee  of  other  special  eenses,  may  liave  their 
Kuliar  properties  excited  by  rarioua  other  kinds  of  irritation,  such  as  elec- 
jcity  and  mechanical  impressions.  Thus,  a  small  current  of  air  directed 
pan  the  tongoe  gives  rise  to  a  cool  saline  taste,  like  tliat  of  salt[wtre ;  and  a 
Ifltinct  sensation  of  taate  similar  to  that  caused  hj  electricity,  may  be  pro- 
imsed  by  a  gmart  tap  applied  to  the  papillae  of  the  tongue.  Moreover,  the 
Mchanical  irritation  of  the  fauc**s  and  palat*?  jiroduc-i^s  tht!  sentMition  of  nausea, 
faicfa  18  probably  only  a  modification  of  taste. 

Seat, — The  principal  seat  (apparent  seat,  that  is,  to  our  senses)  of 
le  aenfie  of  taste  is  the  tongue.  But  the  result  of  experiments  as  well 
I  ordinary  experience  show  that  the  soft  palate  and  its  arches,  the  uvula, 
►bsUs,  and  probably  the  upper  part  of  the  pharynx,  are  also  endowed 
ith  taste.  These  parts,  together  with  the  base  and  posterior  parts  of 
\e  tongue,  are  supplied  with  branches  of  the  glosso -pharyngeal  nerve, 
Id  evidence  has  been  already  adduced  that  the  sense  of  taste  is  conferred 
!*on  them  by  this  nerve.  In  most,  though  not  in  all  persona,  the  an- 
rior  parts  of  the  tongue,  especially  the  edges  and  tip,  are  endowed 
ith  the  sense  of  taste.  The  middle  of  the  dorsum  is  only  feebly  en- 
^wed  with  this  sense,  probably  because  of  the  density  and  thickness  of 
m  epithelium  covering  the  filiform  papillae  of  this  part  of  the  tongue, 
lich  will  prevent  the  sapid  substances  from  penetrating  to  their  sensi- 
re  parts. 

Other  Fumtions, — Beside  the  Beose  of  taste,  the  tongue,  by  means 
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also  of  its  papillae,  is  entlued  (2)  especially  at  its  side  and  tip,  with  m\ 
delicate  arui  accurate  sense  of  tonch,  which  renders  it  aemibleofl 
iinpresfiioBB  of  heat  and  cold,  pain  and  mechanical  pressure,  and  c 
quently  of  the  form  of  surfaces.  The  tongue  may  lose  itscoramoai 
sibility,  and  still  retain  the  sense  of  taste,  and  tnce  mrgd.  Thill 
renders  it  prolnible  that,  although  the  senses  of  taste  and  of  toacki 
be  exercised  by  the  siime  papilhe  supplied  by  the  same  nerves,  jell 
nervous  conductors  for  these  two  different  sensations  are  distinct,! 
as  the  nerves  for  smell  and  common  sensibility  in  the  noatrilB  a» J 
tinct;  and  it  is  quite  conceivable  that  the  same  nervous  trunk  may  I 
tain  fibres  differing  esseutially  in  their  specific  properties.  Facts  i 
detailed  seem  to  prove  that  the  lingual  branch  of  the  fifth  nerve  iit 
conductor  of  sensations  of  taste  in  the  anterior  part  of  the  tongue;  i 
it  is  also  c-ertain,  from  the  marked  manifestations  of  pain  to  which! 
division  in  animals  gives  rise,  that  it  is  likewise  a  nerve  of  commons 
si  bill  ty.  The  glosso-pliaryngeal  also  seems  to  contain  fibred  both  ] 
common  sensation  and  of  the  special  sense  of  taste. 

The  functions  of  tlie  tongue  in  connection  with  (3)  speech,  (4)  i 
tication,  (5)  deglutition,    (G)  suction,   have  been  referred  to  in  oti 
chapters. 

Ta^ie  ami  Sme//:  Pervepiiom, — The  concurrence  of  common  andl 
kinds  of  sfvecial  sensibility,  i.(%,  touch  and  taste  in  the  same  part,  i 
it  sometimes  difficult  to  determine  whether  the  impreasion  produced! 
a  substance  is  perceived  throngh  the  ordinary  sensitive  fibres,  or  tbr 
those  of  the  sense  of  tiiste.     In  many  cases,  indeed,  it  is  probable  i 
both  sets  of  nerve-fibres  are  concerned,  as  when  irritating  acrid  sub 
are  iiitroiluced  into  the  mouth. 

Much  of  the  perfcf^tion  of  the  sense  of  taste  is  often  due  to  thei 
substiinees  being  also  odorous^  and  exciting  th(«  simultaneous  actio 
the  sense  of  smell.     This  is  shown  by  the  imperfection  of  the  i 
such  substances  when  their  action  on  the  olfactory  nerves  is  prereci 
by  closing  the  nostrils*     Many  fine  wines  lose  much  of  their  app 
excellenee  if  the  nostrils  are  held  close  while  they  are  drunk* 

Varidies  of  Tasies. — Among  the  most  clearly  defined  tastes  are  I 
mveei  and  bitter  (which  are  more  or  less  opposed  to  each  other),  the^ 
alkali fic,  salt^  and  vuiaUic  tastes.     Acid  and  alkaline  taste  may  be  < 
cited  hj  electricity.     If  a  piece  of  zinc  be  placed  beneath  and  a  pie 
copper  above  the  tongue,  and  their  ends  brought  into  contact,  an 
taste  (due  to  the  feeble  galvanic  current)  is  produced.     The  delicacjj 
the  sense  of  taste  is  sufficient  to  discern  1  part  of  sulphuric  acid  ia  1^ 
of  water;  but  it  is  far  surpassed  in  acuteness  by  the  sense  of  smell, 
periments  have  shown  that  it  is  possible   to  entirely  do  away  with  | 
power  of  tasting  bitters  aud  sweets  wliile  tiie  taste  for  acids  and 


ins.  This  is  done  by  chewing  the  leaves  of  an  Indi&n  plant 
mema  sylTegtre).  It  has  also  been  shown  that  the  power  of  taating 
I  substances  disappears  before  that  of  tasting  bitter.  Other  experi- 
ts  have  shown  that  the  apparatus  for  salt  and  for  acid  tastes  are 
inci.  It  is  also  demonstrable  that  bitters  are  most  appreciated  at  the 
i  and  sweets  at  the  tip  of  the  tong^ae,  that  salts  are  also  most  potent  at 
tip,  and  acids  at  the  sides  of  the  tongue.  All  these  tastes  then,  are 
lost  certainly  provided  with  a  distinct  apparatus.  It  is  clear  there- 
a  that  the  taste  buds  cannot  be  the  only  terminal  organs  for  the  sense 
taste,  if  from  no  other  reason,  at  any  rate  from  their  exceedingly 
ited  distribution  in  the  human  tongue. 

Although  the  taste  apparatus  is  bilateral  the  sensation  or  perception 
ngle,  and  in  this  respect  taste  resembles  vision. 
ifier-imte. — Very  distinct  sensations  of  taste  are  frequently  left  after 
mbstancea  which  excited  them  have  ceased  to  act  on  the  nerve;  and 
sensations  often  endure  for  a  long  time,  and  ^modify  the  taste  of 
r  substances  applied  to  the  tongne  afterward.  Thus,  the  taste  of 
t  substances  spoils  the  flavor  of  wine,  the  taste  of  cheese  improves  it, 
e  appears,  therefore,  to  exist  the  same  relation  between  tastes  as 
3en  colors,  of  which  those  that  are  opposed  or  complementary  render 
other  more  vivid,  though  no  general  principles  governing  this  rela- 
have  been  discovered  in  the  case  of  tastes.  In  the  art  of  cooking, 
ver,  attention  has  at  all  times  been  paid  to  the  consonance  or  har- 
r  of  flavors  in  their  combination  or  order  of  succession,  just  as  in 
ing  and  music  the  fundamental  principles  of  harmony  have  been 
oyed  empirically  while  the  theoretical  laws  were  unknown, 
requent  and  continued  re|>etitions  of  the  same  taste  render  the  per- 
on  of  it  less  and  less  distinct,  in  the  same  way  that  a  color  become 
and  more  dull  and  indistinct  the  longer  the  eye  is  fixed  upon  it. 
y  after  frequently  tasting  flrst  one  and  then  the  other  of  two  kinds 
ne,  it  becomes  impossible  to  discriminate  between  them. 
he  simple  contact  of  a  sapid  substance  with  the  surface  of  the 
tory  organ  seldom  gives  rise  to  a  distinct  sensation  of  taste;  it  needs 
diffused  over  the  surface,  and  brought  into  intimate  contact  with 
BBfiitive  parts  by  compression,  friction,  and  motion  between  the 
e  and  palate. 

ibjeclim  Sensaiiofis  of  Taste. — The  sense  of  taste  seems  capable  of 
excited  only  by  external  causes,  such  as  changes  in  the  conditions 
&  nerves  or  nerve-centres,  produced  by  congestion  or  other  causes, 
i  excite  subjective  sensations  in  the  other  organs  of  sense.  But 
ia  known  of  the  subjective  sensations  of  taste;  for  it  is  difficult  to 
^isb  the  phenomena  from  the  effects  of  external  causes,  such  be 
CB  in  the  nature  of  the  secretions  of  the  mouth. 
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Condiiions  necessary, — (1,)  The  first  conditions  essential  to  thei 
of  smell  arc  a  special  nerve  and  nerve'tenninaiions  in  the  form  of  sp 
cells,  the  changes  in  whose  condition  stimulate  a  special  nerve-cfl 
and  are  perceived  in  sensations  of  odor,  for  no  other  nervous  atni 
IS  capable  of  these  sensations,  even  tliough  acted  on  by  the  same  cl 
The  same  substance  which  excites  the  sensation  of  smell  in  the  ( 
tory  centre  may  cause  another  peculiar  sensation  through  the  nen 
taste,  and  may  produce  an  jrritutiog  and  burning  sensation  onthea 
of  touch ;  but  the  sensation  of  odor  is  yet  separate  and  distinct 
these,  though  it  may  be  simultaneously  perceived.  {%.)  The  mil 
causes  of  odors  are,  usually,  in  the  case  of  animals  Hying  in  tb 


Fig",  flBl.— Nenres  of  the  Hcplum  nrvKi,  «**'eii  from  Uie  rfjrht  sidt*.  9^.-1*  tl»«  olfftrtoi; 
1,  the  olfactory  nervoa  piij«Eii|^  throu^'h  tlie  fomnima  of  the  cribriform  p1*te>  aoddtseoi 
be  difltrlbyted  on  tht*  Hi'ptiini;  ij,  the  hitt^mal  or  ttf^pu.1  twjfr  of  the  nasal  branch  of  tiief)| 
mJc  nervo;  8,  aafio-f>aLatit]t!i  nervea.     (FYum  Sappt'y*  aft€r  Hirechfeld  and  LevelUfi.) 

either  solids  suspended  in  a  state  of  extremely  finediyision  in  thei^ 
phere;  or  gaseous  exhalations  often  of  so  subtle  a  nature  that  the 
be  detected  by  no  other  reagent  than  the  sense  of  smell  itself, 
matters  of  odor  must,  in  all  cases,  be  dissolved  in  the  mucus  a 
mucous  membrane  before  they  can  be  immediately  applied  to,  or< 
the  olfactory  nerves;  therefore  a  further  condition  necessary  foi 
perception  of  odors  is,  that  the  mucous  membrane  of  the  nasal  < 
be  moist.     When  the  Schnoiderian  membrane  is  dry,  the  sense  of 
is  impaired  or  lost;  in  the  first  stage  of  catarrh,  when  the  secreti 
mucus  within  the  nostrils  is  lessened,  the  faculty  of  perceiving  (A 
either  lost,  or  rendered  very  imperfect.     (3.)  In  animals  living  1 
air,  it  is  also  requisite  that  the  odorous  matter  should  be  transmit! 
a  current  through  the  nostrils.     This  is  efEected  by  an  inspiratory 
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eot,  the  mouth  being  closed  j  honco  wo  havo  voluntary  influeiico  over 
e  sens©  of  smell ;  for  by  interrupting  respiration  we  prevent  the  per- 
I  ception  of  odors,  and  by  repeated  quick  inspiration,  assisted,  aa  in  the 
met  of  sniffifi^y  by  the  action  of  the  nostrils,  we  render  tbe  impresBioQ 
pore  intea&e.  An  odorous  subatance  in  a  liquid  form  injected  into  the 
BOfitrils  appears  incapable  of  giving  rise  to  the  sensation  of  smell;  thus 
ffeber  could  not  sraell  the  slightest  odor  when  his  nostrils  were  com- 
pletely filled  with  water  containing  a  large  quantity  of  eau-de-Cologne, 

The  nose  ia  not  entirely  an  organ  lor  the  seat  of  smelL  In  fact  the 
Ijisal  cavities  are  divided  iuto  three  districts  called  respectively — (a)  Jiegio 
^tibuhjriSy  which   is  the  entrance  to  the  cavity,  ^ 

tt  is  lined  with  a  mucous  membrane  very  closely 
toerabling  the  skin,  and  contains  hair  (vibrls- 
Kp)  with  sebaceous  glands,  (b)  Regio  respira- 
tori«,  which  includes  the  lower  meatus  of  the 
dose,  and  all  the  rest  of  the  nasal  passages  ex- 
jept  (c);  it  ia  covered  with  mucous  membrane 
^vercd  by  stratified  columnar  ciliated  epitheli- 
im.  The  mucosa  is  thick  and  consists  of  fibrous 
feonnectivB  tissue;  it  contains  a  certain  number 
if  tubular  mucous  and  serous  glands,  (c)  Re- 
fm  ol/acioria.  This  includes  the  anterior  two- 
iirds  of  the  superior  meatus,  the  middle  meatus, 
md  the  upper  half  of  the  septum  nasi.  It  is  of 
4  yellowish  color.  It  consists  of  a  thicker  muc- 
ms  membrane  than  in  (/>),  made  op  of  loose  are- 
tiar  connective  tisane  covered  by  epithelium   of 

special  variety j  resting  upon  a  basement  mem- 
irane.  The  cells  of  the  epithelium  are  of  two 
Qrincipal  kinds:  (a)  columnar  epithelial  cells 
^hoee  function  is  to  support  (/>)  the  bipolar 
Ifactory  cells,  (a)  The  epithelial  cells  are  pris- 
|Uitic  in  shape  and  have  upon  their  surfaces 
liceta  into  which  the  olfactory  cells  fit  tliem- 
fjvea.  They  are  thus  analogous  to  the  cells  of 
fuller  of  the  retina  (tig,  393 c),  (b)  The  olfuc- 
iry  cells  have  an  oblong  or  fusiform  shape,  which 
mainly  determined  by  the  large  nucleus.  The 
<in  protoplasmic  body  has  two  processes,  an  external  and  an  internal. 
be  external  is  large  and  passes  up  to  the  free  surface  to  end  in  a  small 
inch  of  fibrils  that  are  not  vibratile.  The  internal  proceas  is  very 
le,  often  varicose,  and  passes  through  the  mucous  membrane  to  be- 
me  continuous  with  the  fibres  of  the  olfactory  bulb. 

The   olfactory  bulb  must  be  studied   in   relation  with  the  nerve- 
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e.  SB®. — Blpola^r  olfactory 
elk  frorti  tIi»  na^uil  tottsm  of 
ihH  niL  (full  term  fcBtuaL    -4» 

Epitht-Liu J    th(*   olfactory 

iinit'tiiMi ;  r,  cpiT  helittl  cellai  Af, 

terniiaariiif?  freely  on  the  epi- 
ibelial  All rf act?;  Ik  olfactory 
nerve-ftbrw* ;  17,  seiuwry  nerve 
derived  from  the  trjgemliius. 
tCaJal.) 


Nwttt 
Epitbeliui 


Fig,  893^— PriDolpal  oonstltueat  elemoitA  of  Uie  olfACtoiy  bulb  of  a  niMnmftl,     CVad  < 

4th,  Layer  of  graDiikr  cells  and  deep  nerve-fibrefi, 
lat.  Tho  first  and  external  layer  is  carapo&ed  of  the  fin©  nerre-fibn 
of  the  olfactory  nerves.     They  pass  through  the  cribriform  plate  of  1 
ethnjnid  and  continue  on,  ending  in  the  olfactory  cells* 

2d.   The  glomerular  layer  contains  niimbera  of  small  round  bodi^ 
whose  structure  is  now  known  to  be  nervous.     They  are  made  up  of 
expansions  of  the  olfactory  fibres  on  the  one  band  and  of  the  "mitr 
cells  on  the  other.     These  are  mingled   in  a  close  network,  but  do 
anastomose.     It  wm  by  the  study  of  these  bodies  in  part  that  tbe  Isctc 
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n-contmuity  of  the  neurona  was  demonstrated  (lig.  393).  T\m 
BO  contaiuB  small  foaiform  cella  with  hratjching  dendritoa  that 
outward  to  the  glomeruli.  Each  has  au  axis-uylioder  process 
lasaes  inward  to  join  tho  fihrea  of  tbo  internal  olfactory  nerves* 
The  layer  of  mitral  cells  contains  large  cells,  some  of  them  trmu- 
id  some  in  the  shape  of  a  mitre.  They  have  numerous  dendrites, 
hich  passes  into  a  glomeruleand  then  breaks  up  in  a  fine  arbori- 

An  axia-cylinder  process  (neuraxon)  passes  off  from  the  innei 
iBd  is  continued  as  an  internal  olfactory  nerve-fibre. 

The   layer   of   granules  and   central   fibres.     This  contains  a 
mber  of  very  small  nerve-cells,  which  are  pecaliar  in  that  they 


I. — Nerves  of  the  outer  waUs  of  ihp  nasal  foflsap.  8-5.— 1,  nptwork  of  the  btunchiM  of 
ify  nerve,  desceiDdinjj  upwrm  thts  region  of  the  Bupetior  and  niidcUe  turbinated  booes; 
twif;  of  tJiie  ethmoicloLl  hranrh  iif  the  riaoal  nenres;  S,  KphoDO-imlntltiet  ^aufcl^on;  4« 
n  of  the  ftnt4?rior  pnlatiup^  uervi-s;  5,  posterior,  ftud  A,  inlddk*  divlsiomi  of  the  palatine 
braueh  to  the  region  of  the  inferior  turbinated  bone;  S,  branch  to  the  region  of  th« 
td  rniddte  turbiniit«<J  liones:  fi,  oaao- palatine  branch  to  the  Beptuoi  cut  short.  CFron* 
ter  Hirschfeld  &nd  LeveiU^.) 


axis-cyUnder,  Their  dendrites  extend  chiefly  into  tho  lajer 
1  cells.  They  resemble  tiiu  spougiobloata  of  the  retina  and  prob- 
e  commissural  ftinctioria*  This  layer  has  also  some  small  star- 
nils  whose  dendrites  end  in  tho  mitral  cell*hiyer.  Among  these 
^nnmerons  fibres,  chiefly  from  the  mitral  cells  and  the  fusiform 
tho  glomerular  layer, 
general  arrangement  is  shown  in  fig.  31)3. 

sense  of  smell  is  derived  exclusively  through  those  parts  of  the 
[ties  in  which  the  olfactory  nerves  are  distributed ;  the  accessory 
sinuses  communicating  with  the  nostrils  seem  to  have  no  re- 
It.     Air  impregnated  with  the  vapor  of  camphor  was  injected 
4J 
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into  the  frontal  sinus  through  a  fistulous  opening  and  odorous  sab 
have  been  injected  into  the  antrum  of  Highmore;  but  in  neith 
was  any  odor  perceived  by  the  patient.  The  purposes  of  these 
appear  to  be  that  the  bones,  necessarily  large  for  the  action  of  tl 
cles  and  other  parts  connected  with  them,  may  be  as  light  as  { 
and  that  there  may  be  more  room  for  the  resonance  of  the  air  in 
ing.  The  former  purpose,  which  is  in  other  bones  obtained  b; 
their  cavities  with  fat,  is  here  attained,  as  it  is  in  many  bones  o 
by  their  being  filled  with  air. 

Other  Functions  of  the  Nasal  Region. — All  parts  of  the  nas 
ties,  whether  or  not  they  can  be  the  seats  of  the  sense  of  smell, 
dowed  with  common  sensibility  by  the  nasal  branches  of  the  f 
second  divisions  of  the  fifth  nerve.  Hence  the  sensations  of  col 
itching,  tickling,  and  pain;  and  the  sensation  of  tension  or  pre 
the  nostrils.  That  these  nerves  cannot  perform  the  function  of 
factory  nerves  is  proved  by  cases  in  which  the  sense  of  smell  is  loe 
the  mucous  membrane  of  the  nose  remains  susceptible  of  the 
modifications  of  common  sensation  and  of  touch.  But  it  is  often  • 
to  distinguish  the  sensation  of  smell  from  that  of  mere  feeling, 
ascertain  what  belongs  to  each  separately.  This  is  the  case  part 
with  the  sensations  excited  in  the  nose  by  acrid  vapors,  as  of  air 
horse-radish,  ninstarci,  etc.,  which  resemble  much  the  sensations 
nerves  of  touch;  and  the  difficulty  is  the  greater  when  it  is  reme 
that  these  acrid  vapors  have  nearly  the  same  action  upon  the 
membrane  of  the  eyelids.  It  was  because  the  common  sensibilitj 
nose  to  these  irritating  substances  remained  after  the  destructioc 
olfactory  nerves  that  Magendie  was  led  to  the  erroneous  belief  t 
fifth  nerve  might  exercise  this  special  sense. 

Varieties  of  Odorous  Sensations, — Animals  do  not  all  equally] 
the  same  odors;  tlie  odors  most  plainly  perceived  by  an  herbivor 
mal  and  by  a  carnivorous  animal  are  different.  The  Carnivora  t 
power  of  detecting  most  accurately  by  the  smell  the  special  pecn 
of  animal  matters  and  of  tracking  other  animols  by  the  scent;  h 
apparently  very  little  sensibility  to  the  odors  of  plants  and  flowen 
bivorous  animals  are  peculiarly  sensitive  to  the  latter,  and  have 
rower  sensibility  to  animal  odors,  especiallv  to  such  as  procec 
other  individuals  than  their  own  species.  Man  is  far  inferior  \ 
animals  of  both  classes  (which  appear  to  have  a  special  e{ 
arrangement  called  Jacohson^'s  orga^i^  for  the  purpose  of  ^*  seen 
respect  of  the  acuteness  of  smell ;  but  his  sphere  of  susceptibility  tc 
odors  is  more  uniform  and  extended.  The  cause  of  this  differe 
probably  in  the  endowments  of  the  cerebral  parts  of  the  olfactoi 
ratus.     The  delicacy  of  the  sense  of  smell  is  most  remarkable;  it 
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I  the  presence  of  bodies  in  quantities  ao  minute  as  to  bo  undiscover- 
n  by  spectrum  analysis;  -nnr.TylnF^imr  ^^  ^  grain  of  musk  can  be  dis- 
bctly smelt  (Valentin).  Opposed  to  the  senaation  of  an  agreeable  odor  ie 
latof  a  disagreeable  or  disguating  odor,  which  corresponds  to  the  sensa- 
>2Mol  pain,  dazzling  and  dialiarmony  of  coloi-s,  and  dissonance  in  the 
her  senses.  The  C4iuse  of  this  difference  in  the  effect  of  different  odors  is 
Inown;  bat  this  much  is  certain,  that  odors  are  pleasant  or  offensive 
a  relative  sense  only,  for  many  animals  pasa  their  existence  in  the 
dst  of  odors  which  to  us  are  highly  disagreeable.  A  great  difference 
this  respect  is,  indeed,  observed  amongst  men :  many  odors,  generally 
mght  agreeable,  are  to  some  persons  intolerable;  and  different   per- 

0  describe  differently  the  sensations  that  they  severally  derive  from 

1  game  odorous  substances.  There  seems  also  to  be  in  some  persons 
inflensibility  to  certain  odors,  comparable  with  that  of  the  eye  to  cer- 
t  colors;  and  among  different  persons,  as  great  a  difference  in  the 
itenesB  of  the  sense  of  smell  as  among  otliera  in  the  acutenesa  of  sight. 
\  have  no  exact  proof  that  a  relation  of  harmony  and  disharmony  exists 
^reen  odors  as  between  colors  and  sounda ;  though  it  is  probable  that 
th  is  the  case,  since  it  certainly  is  bo  with  regard  to  the  sense  of  taste; 
I  since  such  a  relation  would  account  in  some  measure  for  the  differ- 
I  degrees  of  perceptive  power  in  different  persons;  for  as  some  have 
iear  for  music  (as  it  is  stiid),  so  others  have  no  clear  appreciation  of 
I  relation  of  odors,  and  therefore  little  pleasure  in  them. 
Subjective  senmtiom, — The  sensations  of  the  olfactory  nerves,  inde- 

Ident  of  the  external  application  of  odorous  substances,  have  hitherto 
to  little  studied.  The  friction  of  the  electric  machine  produces  a 
all  like  that  of  phosphorus.  Ritter,  too,  has  observed,  that  when  a 
^aaie  current  is  applied  to  the  organ  of  smell,  beiides  the  impulse 
bieezOf  and  the  tickling  sensation  excited  in  the  filaments  of  the  fifth 
be,  a  smell  like  that  of  ammonia  was  excited  by  the  negative  pole,  and 
I  acid  odor  by  the  positive  pole;  whichever  of  these  sensations  were  pro- 
loed,  it  remained  constant  as  long  as  the  circle  was  closed,  and  changed 
the  other  at  the  moment  of  the  circle  being  opened.  Subjective  sen- 
ions  occur  frequently  in  connection  with  the  aense  of  emelL  Fre- 
Intly  a  person  smells  something  which  is  not  present,  and  which  other 
lions  cannot  smell ;  this  is  very  frequent  with  nervous  people,  but  it  oc* 
penally  happens  to  every  one.  In  a  man  who  was  constantly  conscious 
tA  bad  odor,  the  arachnoid  was  found  after  death  to  be  beset  with 
poBits  of  bone,  and  a  lesion  in  the  middle  of  the  cerebral  hemispheres 
p  also  discovered.  Dulrois  was  acquainted  with  a  man  who,  ever  after 
pU  from  his  horse,  which  occurred  several  years  before  his  death, 
ieved  that  be  smelt  a  bad  odor. 


Ftff.  soft,— DlAfcTajnmAti€  vlow  from  lw?for«?  of  the  parte  compoBinfir  tbe  amn  of  I 
tKi'  IfFt  t({ili'.  The  ti^'tiiiMiral  Inme  nf  tliH  left  ttjde,  with  the  aooompaDjrln^  ton  pftitK,  IM 
detached  from  thr  ht'ad,  ant  I  n  .M»rtinn  hn^^  bi^*o  carried  through  It  Ir«ii8v«f«ely,  ao  wtol 
Ihe  (tddCi  of  the  iiiofttiia  exUMrmn,  half  thr-  Tympanic  nienibmne,  the  upper  ozkI  AaCerw 
the  tymitwium  atifl  Eust/u-hinn  tnht*  Th«>  tiu'iiIiik  jTtt«^niiiii  Iias  aluo  been  opetieii,  luid 
hibvrtnta  expoeuHl  hy  tht*  n*inovnl  of  tju' .miinitindinikr  i»€irt-s  of  tb«  peitrous  boop.  I,  the 
«nif  lobe;  S,  2*,  nieiatuii  fxtt-rtitis;  2\  iiuMiihraim  tymparii;  3,  cavity  of  the  tympanniBj 
opeiDJiii;  haclirwArtl  Into  the  niii»tt>ifl  tt»tLH:  lw>twt*<»ii  ft  umt  8',  thf  chain  of  HDiall  h<iOf^;  4. 
ciij&n  tn\m:  5^  mi'atuK  jnternus,  coutaiuiii^  thi^  fajfiul  uir^lMTmc^st)  and  Lhe^  Ohtiditorj  v4. 
tiLaL-4]Hl  on  the  v**MMhuk'i  of  the  labvriutli  nl*ovc  tin*  fcDt'stJra  oval  is;  u,  ajuex  of  tb<*  pKrrni 
h,  internal  carotid  nrtery;  c,  styloid  prooesa:  rf.  fiu:ial  nvrvts  issxtin^  from  the  stylo-a 
foramen:  c,  miujtold  jirooess;  /,  nqtuunoutt  piu-t  of  tjtoljonu co^^nxl  by  iate^n^mt^at,  t^c.   iJI 

or  internal  ear,  which  contains  the  essential  parts  of  an  organ  of 
ing.     The  uccompanying  figure  shows  very  well  the  reltttion  of  ' 
di visions,  one  to  the  other  (Jig.  39/)). 

External  Ear. — The  extt^rnal  ear  consists  of  the  pinna  or  ol 
and  the  external  audifort/  caym!  or  meatus. 

The  principal  parts  of  the  pinna  (fig*  395)  are  two  prominent 
inclosed  one  within  the  other  (heiLr  and  fintihelij^)^  and  inclosing  I 
tral  hollow  named  the  concha;  in  front  of  the  concha,  a  promi 
directed  hack  ward  ^  the  tragus^  and  opposite  to  this  one  directal 
ward,  the  aiUiiragus.     From  the   concha,  the   auditory   caQal^  n 


jlitarch  directed  upward,  paasea  inward  and  a  little  forward  to  the 
mbrana  tympani,  to  which  it  thus  Berves  to  convey  the  vibrating  air. 
outer  part  coai^ists  of  fibro-curtilago  continued  from  the  concha;  its 
3r  part  of  bone.  Both  are  lined  by  skin  continuous  with  that  of 
pinna,  and  extending  over  the  outer  part  of  the  mmnbrana  tympani, 
Towanl  tlie  outer  part  of  the  canal  are  fine  hairs  and  sebaceous 
tls,  whUe  deeper  in  the  canal  arc  small  ghmds,  resembling  the  sweat- 
is  in  structure,  which  ^crctc  tlio  cerumen, 

fiddle  Ear  or  Tympanum* — The  middle  ear,  or  tympanum  (3^ 
395),  ia  separated  by  tbo  fnembrana  tympimi  from  tlio  external 
tory  (^nal.  It  is  a  cavity  in  the  temporal  hone,  opening  through 
nterior  and  inner  wall  into  the  Eustachian  tube,  a  cylindriform 


Fig.  336. 


FiR.  307. 


Fig.  306. 


^,  as»,— The  hammer-bone  or  nialletti^  Been  from  the  front.  1,  the  lieiMi;  2,  ueclc;  S,  short 
B;  4*  loei;  process.     (Schwalbe.) 

If^  387.— The  inciis^  or  anvil-bont^.  1,  body;  St,  ridged  mrticulatiuti  for  themaUetw;  4,  pT^ 
\srcyi%,  with  5.  roii^h  articular  surf  nee  for  Ufipam^Dt  of  Incus;  IS,  pn>c*'«,siis  nmgDus,  wltli 
iJiting  surface  for  eitApe^ ;  7,  imtrient  foramea.     (Hchwalbe. ) 

U-  soft— The  Htapes,  or  Htiminbone.  l,  lio^;  Q  und  3,  arch;  4,  head  of  bonc%  which  articu- 
with  orbicutar  process  of  urn  idcus;  5,  constrictt'*!  part  of  neck;  fl,  one  of  the  crura. 
nlbe.) 

Haed  canal »  dilated  at  both  ends,  composed  partly  of  bone  and  partly 
■tic  cartilage,  and  lined  with  mucoiia  membrane,  which  forma  a 
minieation  between  the  tympanum  and  the  pharynx.  It  opens  into 
javity  of  the  pharynx  just  behind  the  posterior  aperture  of  the  nos- 
The  cavity  of  the  tympanum  communicates  posteriorly  with  air 
ies,  the  mastoid  ceils  in  the  mastoid  process  of  the  temporal  bone; 
ts  only  opening  to  the  external  air  is  tli rough  the  Eustachian  tube 
g.  395).  The  walls  of  the  tympanum  are  osseous,  except  where  aper- 
in  them  are  closed  with  membrane,  as  at  the  fenestra  rotunda  and 
tra  ovalis,  and  at  the  outer  part  where  the  bone  is  replaced  by  the 
brana  tympanh  The  cavity  of  the  tympanum  is  lined  with  mucous 
brane,  the  epithelium  of  which  is  ciliated  and  continuous  with  that 
le  pharynx.  It  contains  a  chain  of  small  bones  (ossitmla  andiim) 
h  extends  from  the  membrana  tympani  to  the  fenestra  ovalis* 
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The  membrana  tijmpani  is  placed  in  a  slanting  direction  at  the  bot 
torn  of  the  externiil  auditory  caiml,  iU  plane  being  at  an  angle  of  aboq 
45*"  with  the  lower  wall  of  the  canal.  It  informed  chiefly  of  a  tou| 
nnd  tense  fihrous  membraoe,  the  edges  of  which  are  set  inabonygrooi 


^'7 


fe 


AT^^-' 


Fi(c.  aw.— Interior  tIpw  of  tJii*  tympaDum.  with  znembriuui  t^rtnpani  and  bowi  to  « 
poaltiua.  I,  M*Hnbmim  tympaiil :  X  EuHtachion  tub^;  3,  tensor  tjonpiuii  muiicto;  4|llK;i 
super.;  ft,  corda-tyuijwinl  nerve;  <i,  5,  iitwl  c,  ilnuaes  About  ossiculk    c8c2iwiUb«.> 

its  outer  surface  is  covered  with  a  continuation  of  the  f^otaneoas  lini 
of  the  auditory  canal,  ita  inner  surface  w*ith  part  of  the  ciliated  mooa 
membrane  of  the  tympanunu 

The  ossicles  are  three  in  number;  named  malleus,  incus,  and  staj 
The  malleus,  or  hammer-bone,  is  attached  by  a  long  slightly-curYed  \ 
cess,  called  its  handle,  to  the  membrana  tympani;  the  line  of  attuchi 
being  vertical,  including  the  whole  length  of  the  handle,  and 
from  the  upper  border  to  the  centre  of  the  membrane.     Theh< 
malleus  is  irregularly  rounded;  its  neck,  or  the  line  of  boundary betwi 
it  and  the  handle,  supports  two  processes;  a  fthort  conical  on^  whi 
receiver  the  insertion  of  the  tensor  ipnpam\  and  a  nlender  one,  p\ 
gracilis^  which  extends  forward,  and  to  which  the  laxaior  tyinpanim^ 
is  attached.     The  incus ^  or  anvil-bone,  shaped  like  a  bicuspid  mokr  tool 
is  articulated  by  its  broader  purt^  correspooding  with  the  surface  ol 
crown  of  a  tooth,  to  the  malleus.     Of  its  two  fang-like  prooeesedf 
directed  backward,  has  a  free  end  lodged  in  a  depression  in  the 
bone ;  the  other,  curved  downward  and  more  pointed,  articulates  by 
of  a  roundish  tubercle,  formerly  called  os  orbiailare^  with  the 
little  bone  shaped  exactly  like  a  stirrup,  of  which  the  ba&e  or  borj 
the  fenestra  oval  is.     To  th©  neck  of  the  stapes,  a  short  process, 
ing  with  the  loop  of  the  stirrup,  is  attached  the  stapedius  muscle. 

The  bones  of  the  ear  are  covered  with  mucous  membrane  reflected 
them  from  the  wall  of  the  tympanum;  and  are  movable  both  altoj 
and  one  upon  the  other.     The  malleus  moves  and  vibrates  with 
movement  and   vibration   of   tlie   membrana  tympani,  and  iti 
ments  are  communicated  through  ttie  incus  to  the  stapes,  and  tl 
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10  tho  membrane  closing  the  fenestra  ovalis.  The  malleus,  also, 
Datable  in  ita  articulation  with  the  incus;  and  the  membrana 
ipani  moving  with  it  is  altered  in  its  degree  of  tension  hy  the  laxator 
tensor  tympani  muscles.  The  stapes  is  movable  on  the  process  of 
incus,  when  the  stapedius  muscle  acting,  draws  it  backward.  The 
round  which  the  malleus  and  incus  rotate  is  the  line  joining  the  pro- 
is  gracilis  of  the  malleus  and  the  posterior  (short)  process  of  the  incus. 
The  Internal  Ear, — The  proper  organ  of  hearing  is  formed  by  the 
'ibution  of  the  auditory  nerve  within  the  internal  ear,  or  labf^riTith^ 
,  of  cavities  within  the  petrous  portion  of  the  temporal  bone.  Tho 
I  which  forms  the  walls  of  these  cavities  is  denser  than  that  around 
nd  forms  the  ossemis  labyriniJi;  the  membrane  within  the  cavities 
18  the  mmnbranous  labyrinth.  The  membranous  labyrinth  contains  a 
called  endolymph;  while  outside  it,  between  it  and  the  osseous 
rinth,  is  a  fluid  oMed  perilytnph.  This  fluid  is  not  pure  lymph; 
contains  mucin. 
?he  osseous  labyrinth  consists  of  three  principal  parts,  namely 

Kibule^  the  eochka,  and  the  semicircular  cmmk, 
vestibule  is  the  middle  cavity  of  the  labyrinth,  and  the  central 
n  of  the  whole  auditory  apparatus.     It  presents,  in  its  inner  wall, 


Fig.  400. 


Fig.  401. 


If,  40O.^RJfclit  bony  lahyrlnlh,  viewed  from  thi?;  outer  side.  The  speclmeti  here  rerpresmited 
iparod  by  Beparating  piecemeal  thn  IrHnwjT  8iil)«t«iiL'*i  of  the  pf»trou»  bone  from  the  dletiae 
Iwtilch  fmrai^dlftU'ly  iticluse  th(j  tah>Tinth,  1,  ihe  vtMfttlhiile;  2,  fenestra  oval  is;  S,  superior 
etrcular  canal:  4,  hori!n:>titaJ  or  pxU»nml  canal ;  \  poHt**rii>r  canal;  •,  anipulln  of  the  semf- 
ilir  caa&ls;  0,  fLnst  turn  of  tlie  cochlea;  7,  second  turn;  (^,  apex;  0,  feQeeti^  rotutula.    The 

l*r  flffune  in  outUno  twiow  eihows  the  natural  Hl!6t\     -pL     fSCmmerlng.) 

If,  401,— Vie  ^  of  the  interior  of  ttie  left  lahjTinth,  The  bony  wall  of  the  labyrinth  la  re- 
M  mperiorly  and  externally.  1^  Fovea  ht^mie Hi pMcjir  2,  fovea  heiufspherica;  B,  (.•ominoni 
Inr  of  th«  srm^rior  and  poisterior  semicircular  canal»:  4.  openlne  of  Uw?  aqueduct  of  the 
Blue:  5,  the  superior.  6,  the  posterior,  and  7,  the  external  semicircular  causlH;  %,  spiral 
ti  the  eodilea  (scala  tympani);  0,  openlnic  of  the  aquetluct  of  the  cochlea;  10,  placed  00 

ttdloa  spiraltB  In  the  ncaln  restlbulK    ^X    (SOtmnerln^. ) 

ral  Openings  for  the  entrance  of  the  divisione  of  the  auditory 
e;    in   its  outer  wall,  the  fenmtra   ovalk  (2,   fig,  400),  an  open- 
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ing  filled  by  the  base  of  the  stapes;  in  its  poffterior  and  guperi 
walls,  five  openinp  by  which  the  semicircular  canah  coromunicate  wil 
it:  in  its  anterior  wall,  an  opening  leading  into  tlw  cochlea.  The  hiii< 
part  of  the  inner  wall  of  the  vestibule  also  presents  an  opening,  1 
orifice  of  the  aqnmducius  vestibuli^  a  canal  leiwling  to  the  posterior 
gin  of  the  petrous  bone,  witli  uncertain  content*?  and  nnknown  purpoi 

Thti  semicircular  canals  (tigs.  400,  401)  are  three  arched  cylindrifof 
bony  canals,  set  in  the  anhstanoe  of  the  petrous  bone«  They  all  open 
both  ends  into  the  vestibule  (two  of  them  first  coalescing),  Theendii 
each  are  dilated  just  before  opening  into  the  vestibule;  and  one  fl 
being  more  dilated  than  the  other  is  called  an  ampulla.  Two  of  1 
canals  form  nearly  vertical  arches ;  of  these  the  superior  is  also  antcri 
the  posterior  is  inferior;  the  third  canal  is  horizontal,  and  lower  I 
shorter  than  the  others. 

The  cochlcct  (0,  7,  B,  figs.  400  and  401),  a  small  organ,  shaped  lik 
common  snail-shell,  is  situated  in  front  of  the  vestibule,  its  base  resd 
on  the  bottom  of  the  internal  meatus,  whore  some  apertures  tranii 
to  it  the  cochlear  filaments  of  the  auditory   nerve.     In  its  aria,  i 
cochlea  is  traversed  by  a  conical  column,  the  modiolus^  round  whici 
spiral  cwMiI  winds  with  about  two  turns  and  a  half  from  the  base  to  1 
apex.     At  the  apex  of  the  cochlea  the  canal  is  closed ;  at  the  hart 
presents  three  openings,  of  which  one,  already  mentioned,  commQlli^ 
with  the  vestibule;  another  called  fcncdra  rotunda^  is  separated 
membrane  from  the  ciivity  of  the  tympaninn;  the  third  is  the  orifice 
tbe  aqumducttus  cochhWy   a  canal   leading   to  the  jugular  fossa  of 
petrous  bone,  and  corresponding,  at  least  in  obscurity  of  purpose 
origin,  to  the  aqua&ductus  vestibuli.     The  spiriil  eanal  is  dividend  into 
passages,  or  acalflB,  by  a  partition  of  bone  and  membrane,  the  l(nni 
spiralis.     The  osseous  part  or  zone  of  this  lamina  is  connected  with 
modiolus. 

The  Membranous  Labyrinth.=*Th0  membranous  labyrinth  onn 
Bponds  generally  with  the  form  of  the  osseous  labyrinth,  so  far  as  regtf 
the  vestibule  and  semicircular  canals,  but  is  separated  from  the  wiilIs 
these  parts  by  perilymph,  except  where  the  nerves  enter  into  counecW 
within  it.  The  labyrinth  is  a  closed  membrane  containing  endoljffl] 
which  is  of  much  the  same  composition  as  perilymph,  but  containB 
solid  matter.  It  is  somewhat  viscid,  as  is  the  perilymph,  and  it 
secreted  by  the  epithelium  lining  its  cavity;  all  the  sonorous  vibratw 
impressing  the  auditory  nerves  in  these  parts  of  the  internal  ear, 
conducted  through  fluid  to  a  membrane  suspended  in  and  oontiuii 
fluid.  In  the  cochlea,  the  membranous  labyrinth  completes  tbe  septi 
between  the  two  scaJm,  and  incloses  a  spiral  canal,  previously  mentis 
called  canali^  mcmbranaceufi  or  ctjfialiH  rorhhm  (fig.  403).     The  fiuit 


Uie  scala  of  the  cochlea  is  continuous  with  the  perilymph  in  the  veati- 
bule  &nd  Bemicircular  canals,  and  there  is  no  fluid  external  to  its  lining 
membrane.  The  vestibular  portion  of  the  membranous  labyrinth  com- 
prises two,  probably  communicating  cavities,  of  which  the  larger  and 
Upper  is  named  the  tttrimdus;  the  lower,  the  sacculus.  They  arc 
lodged  in  depressions  in  the  bony  labyrinth,  termed  respectively /orm 
i^muUipttca  and  foiva  hemispherica.  Into  the  former  open  the  orifices  of 
tie  membranous  semicircular  canals*  into  the  latter  the  canalis  cochlem. 
Fhe  membranous  labyrinth  of  all  thej©  parts  is  laminated,  transparent, 
reiT  vascular,  and  covered  on  the  inner  surface  with  nucleated  cells,  of 
irhich  those  that  line  the  ampuUse  are  prolonged  into  stiff  hair-like  pro- 
Nsses;  the  same  appearance,  but  to  a  much  less  degree,  being  visible  in 
Jie  utricule  and  saccule.  In  the  cavities  of  the  utriculus  and  sacculus 
lore  small  masses  of  calcareous  particles,  otoconia  or  oioliihs;   and  the 


W\s,  403,— Tiew  of  the  ometnm  coctate«  dlvitled  throufrh  the  middle.  I,  central  canjil  of  the 
lOdloUjs;  ^  l&min&  gplraUs  oooctt;  8,  Bc&la  tvtnpani ;  4,  ncala  vestibulf ;  5,  porous  subst&noe  of 
M  moclfolud  Dear  one  of  the  ■ectioiu  of  th«  canaUa  iiplralia  modioli,     x  K.    CAraold.) 

ftme,  although  in  more  mimite  quantities,  are  to  bo  found  in  the  interior 
f  some  other  parts  of  the  membranous  labyrinth. 

Auditory  Nerve. — All  the  organs  now  described  are  provided  for  the 
ppropriate  exposure  of  the  filaments  of  the  auditory  nerve  to  sonorous 
ibrations<  It  is  characterized  as  a  nerve  of  special  sense  by  ifcs  softness 
whence  it  derived  its  name  of  poriio  nwllis  of  the  seventh  pair),  and  by 
he  fineness  of  its  component  fibres.  It  enters  the  bony  canal  (the  meatus 
Midiiorius  internus)^  with  the  facial  nerve  and  the  uervus  intermedins, 
nd,  traversing  the  bone,  enters  the  labyrinth  at  the  angle  between  the 
»0e  of  the  cochlea  and  the  vestibule,  in  two  divisions;  one  for  the  ves- 
ibule  and  semicircular  canals,  and  the  other  for  the  cochlea. 

There  are  two  branches  for  the  vestibule,  one,  superior,  distributed 
to  the  utricule  and  to  the  superior  and  horizontal  semicircukr  canals, 
Ind  the  other,  inferior,  ending  in  the  saccule  and  posterior  semicircular 
euiaL  Where  the  nerve  comes  in  connection  with  the  utricule  and 
Baccule,  the  structure  of  the  membrane  is  modified  somewhat  and  the 
places  are  called  maculw  acuHficm,  The  epithelium  in  this  region  is,  as 
iBahall  see  directly,  considerably  specialized,  and  where  the  nerve  is  in 
Bonnection  with  the  ampullne  of  the  semicircular  canals,  too,  the  struct- 
ire  ifl  altered,  becoming  olevated  into  a  horse-shoe  ridge,  which  projectj? 
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into  the  interior  of  the  cavity,  fonning  the  criiia  actutica.    Here,  too, 
the  epithelium  ia  of  a  special  kind.     The  nerve  fibres  spread  OQimdl 
radiate  on  the  inner  surface  of  the  membranous  labyrinth:  their enwjtj 
termination  is  unceriain.     The  distribution  of  the  other  division  of  the  i 
auditory  nerve,  the  cochlear,  will  be  more  clearly  understood  after  the 
description  of  the  coclileii  itself. 

*S/nic/«r^*— The  structure  of  the  membranous  labyrinth  coiisigtBofI 
three  coatSf  externally  a  layer  of  areolar  tissue,  next  a  hyaloid  luembr&Kidi  | 
elevated  into  minute  papilla?,  and  internally  a  layer  of  flattened  eju- 
thelium.     At  the  position  where  the  branches  of  the  Teetibular  branch  I 
of  the  auditory  nerve  join  it,  viz.,  at  the  saccule,  utricule,  andampall»| 
of  the  semicircular  canals,  there  ia  a  marked  difference  in  the  stmcture,  j 
the  external  and  middle  layers  are  thicker  and  the  epithelium  becoraeg  j 
columnar.     The  epithelium  in  which  the  fibres  of  the  vestibular  nemj 
are  said  to  terminate  are  of  two  kinds,  called  cylinder  or  hair  ctlh,  anil 
rod  velh.     The  hair  cells  occupy  only  one-half  of  the  thickness  of  thil 
membrane;  from  their  inner  end  hair-like  processes  project  into  tbl 
cavity  of  the  labyrinth.     Their  outer  end  is  rounded  and  containgwl 
large  round  nucleus.     To  these  cells  the  primitive  fibrillae  of  tlieaiiij 
cylinders  pass  up,  some  of  them  being  distinctly  varicose.     The  eia 
relation  of  the  nerve  fibrillae  to  the  hair-cells  is  unknown;  by  some  thifl 
are  believed  actually  to  enter  the  cells,  by  others  they  are  stated  to  form 
a  kind  of  nest  of  fihrillie  into  which  the  cells  fit.     The  rod-cells  are « 
somewhat  varying  form.     They  are  elongated  cells  extending. from  tbl 
surface  to  the  biisement  menibrane,  broad  at  the  upper  or  surface  end,! 
and  containing  oval  xiuclei  toward  their  attached  end,  but  not  exactly  i 
the  same  level  in  all  cases.     These  nuclei,  therefore,  form  a  digtind 
broad  nuclear  layer  on  a  vertical  section  of  the  membrane,  as  the 
are  numerous,  much  more  so,  indeed,  than  the  other  variety  of  cdL| 
The  lower  or  attached  part  of  the  cell  may  be  branched. 

The  membranous  part  of  the  cochlea,  with  a  muscular  zone,  formiB|| 
its  outer  margin,  ia  attached  to  the  outer  wall  of  the  canal.     Coinnient> 
ing  at  the  base  of  the  cochlea,  between  its  vestibular  and  tympanic  op 
iugs,  it  forms  a  partition  between  the^  apertures;  the  two  scab ikre,! 
therefore,  in  correspondence  with  this  arrangement,  named  smla  vesii" 
buU  and  smla  ti/mpani  (fig.  403).      At  the  apex  of  the  ooohlea, 
lamina  spiralis  ends  in  a  small  hmmduSy  the  inner  and  concave  part* 
which,  being  detached  from  the  summit  of  the  modiolus,  leaves  a i 
aperture  named  heHcoirema,  by  which  the  two  scalae,  separated  inalU 
rest  of  their  length,  communicate. 

Besides  the  scala  vestibuli  and  scala  tympani,  there  is  a  third  i 
between  them,  called  scala  media  or  canal  membranaceus  (CC,  fig.  iO'M 
In  section  it  is  triangukr,  its  external  wuH  being  formed  by  the  walbfj 


iht  cochlea,  its  npper  wall  (separating  it  from  the  scala  veetibuli)  bj 
Uie  membrane  of  Ke issuer,  and  its  lower  wall  (separating  it  from  the 
Icaia  tympani)  by  the  basilar  membrane,  these  two  meeting  at  the  outer 
Hdge  of  the  bony  lamina  spiralis.  Following  the  turns  of  the  cochlea  to 
±s  apei,  the  scala  media  there  terminates  blindly;  while  toward  the  base 
>f  the  cochlea  it  is  also  closed  with  the  exception  of  a  very  narrow  pas- 
lage  (c4inalis  reunicna)  uniting  it  with  the  saceulus.  The  scala  media 
flike  the  rest  of  the  membranous  labyrinth)  contains  mdolfmpL 

Organ  of  Corii, — Upon  the  basilar  membrane  are  arranged  cells  of 
raurious  shapes.     About  midway  between  the  outer  edge  of  the  lamina 


jp.  408w— Section  thmnjfta  one  of  the  coils  of  the  cochlea  ;  dJagratnmatic).  ST,  acaU  tym- 
;  SV,  acala  ve«tibuli;  CC  i^analls  eixihli^fl'  or  canal  is  membranacous :  R,  m«mbrane  of 
pr;  (*o,  lAmiDa  spiraliK  rm»*»a;  Un,  Umhiii^  lamina?  np I raUs ;  «<f.  sului in  spiralis;  nr,  ctKihlear 
—  ^aiu;Urm  soiralo;  ^  menihraDa  tectoria  (below  the  meubrana  tccttiria  iH  the  lamiQa 
1h>  f  6(  memoraaa  baaiUu-iB;  Oot^  rods  of  Corti ;  Isp,  ligametiiuiii  spirale,    (QualoJ 


piralis  and  the  outer  wall  of  the  cochlea  are  situated  the  rods  of  CoHL 
^iewed  sideways,  they  are  seen  to  consist  of  an  external  and  internal 
illar,  each  rising  from  an  expanded  foot  or  hme  on  the  basilar  mem- 
Imne  (^,  «,  fig.  404).  They  slant  inward  toward  each  other,  and  each 
Hds  in  a  swelling  termed  the  head;  the  head  of  the  inner  pillar  overly- 
Iig  that  of  the  outer  (fig.  404),  Each  pair  of  pillars  forms,  as  it  were, 
pointed  roof  archmg  oTer  a  space^  and  by  a  snccession  of  them  a  little 
lumel  is  formed. 

It  has  been  estimated  that  there  are  about  3000  of  these  pairs  of  pil- 
Irs,  in  proceeding  from  the  base  of  the  cochlea  toward  its  apex.  They 
1^  found  progressively  to  increiise  in  length,  and  become  more  oblique; 
li  other  words  the  tunnel  becomes  wider,  but  diminishes  in  height  as  we 
lipraaeh  the  apex  of  the  cochlea.  Ijeaning,  as  it  were,  against  these 
firtemal  and  internal  pillars  are  certain  other  cells,  of  which  the  external 
ttiefl,  hair  cells^  terminate  in  small  hair-like  processes.  Most  of  the 
|boTe  details  are  shown  in  the  accompanying  figure  (fig.  404).  This 
IrtBplicated  strncture  rests,  iis  we  have  see!],  upon  the  basilar  membrane; 
!t  U  roofed  in  by  a  remarkable  fenestratttd  membrane  or  lamina  reticu- 
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laris  into  the  fenestrae  of  which  the  tops  of  the  various  rods  and  i 
are  received.     When  viewed  from  above,  the  organ  of  Corti  showi  j 
remarkable  resemblance  to  the  key-board  of  a  piano.     In  dose  rdatieml 


U 


Pk   ^ 


Tig,  4(H.  — Vertlenl  awtlon  of  (lii>  organ  of  Corti  from  the  doff,  1  to  t,  HomopwJ«>u*  IWJ 
of  the  Bo-cfflllpd  m«^rtibnina  KaAilnrls:  »,  vf»ttbular  layer;  t?,  tTnipnnal  layer,  wl^  ihicIm  •» 
pfOfeOfilABm;  n,  Tirolon^ation  of  ryrnti&nnl  periosUmm  of  lamloft  Hplr&lis  a«sem:  r,  thlcknM 
eomm/B^noemtml  of  th«*  mt'mbrann  heuiilarls  near  th*  point  of  r»*rronitiH>n  of  the  BfTt«\:d, 
||kMid'Vw*»H  frafl  spiralol;    *>.  blood  -  T«?«»i»h /,  norvps-    jy.  il  -  th^  wilnia  «pif»U» 

tntemuis;  i,  intfrtial  or  tiift-p4  i?*»ll,  with  bnKn  nroccBS  t,  eun  lo-i  nnd  pfofconliw 

(of  the  ffranular  layer).  Into  which  the  nervi?-flbrw»  radlAt«»:  nu^^nuJ  hoir-oril^, 

boae  or  foot  of  inm^r  pillar  of  orimEi  of  Cortt ;  t»,  head,  of  the  same  uniting  with  the  dwrefpoM' 
Inir  piwt  of  an  i^itforoal  pi  liar,  whose  under  half  i»  mJiwinB:.  whil«  the  next  pillar  beyood,  a,  lin> 
mntm  both  niiddlf'  iMnrtlon  and  base;  r  t  d,  threo  external  bair-oelU;  f,  bases  of  two  oetgltbcraf 
hair  or  tufted  ei^lls;  t,  Ho-calliMl  mipportfti^  cell  of  Hetiaen^ja,  nerre-flhre  termioatini;  Id  UieMIJ 
of  the  external  hair-eel Lk;  I  f  to  1,  lamina  reticularis, 


X  flOa     CWaldeyer,) 


with  the  rods  of  Corti  and  the  cells  inside  and  oatside  them,  and  proh 
bly  projoctin|T  by  free  end  ft  into  the  little  tunnel  containing  flmJ  (roofd 
in  Ijy  them),  are  filaments  of  the  auditory  nerve.  These  are  (Ierif« 
from  the  cochlear  divigion  already  mentioned.  This  passes  up  the  a 
of  the  cochlea,  and  in  its  course  gives  off  fibres  to  the  lamina  spimlil 
These  fibres  are  thick  at  their  origin,  but  thin  out  peripherallv,  i 
containing  bipolar  ganglion  cells  form  the  ganglion  spiraU*  Bcyoni 
the  ganglion  at  the  edge  of  the  lamina  the  fibres  pass  up  and  beooi 
connected  with  the  organ  of  Corti. 

The  PnysioLOGY  of  Hearing. 

All  the  acoustic  contrivances  of  the  organ  of  hearing  are  means  f<i| 
conducting  sound.  Since  all  matter  is  capable  of  propagating  som 
vibrations,  the  simplest  conditions  must  be  sufficient  for  mere  hearr 
for  all  substances  surrounding  the  auditory  nerve  would  stimulate 
The  whole  development  of  the  organ  of  hearing,  therefore,  can  have  far 
object  merely  the  rendering  more  perfect  the  propagation  of  the  s)i 
rous  vibrations,  and  their  mnltipUcntion  by  resonance;  and,  in  fact,  the 
whole  of  the  acoustic  apparatus  may  be  shown  to  have  reference  to  tbfl» 
prineiples. 

The  external  auditory  passages  influence  the  propagation  of  fwuid 


k>  the  tympanum  in  three  ways: — 1,  by  causiog  the  sonorous  undulatioim^ 
Htcring  directly  from  tho  atmosphorc,  to  be  transmitted  by  tht^  air  in 
be  passage  immediately  to  the  membrana  tympani,  and  thus  preventing 
tiem  from  being  dispersed;  2,  by  the  walla  of  the  passage  conducting 
be  sonorous  undnlations  imparted  to  the  external  ear  itself,  by  the 
Qortestpathto  the  attachment  of  the  membrana  tympani,  and  so  to  this 
lembrane;  3,  by  the  resonance  of  the  column  of  air  contained  within  the 
ttffiage;  4,  the  external  ear,  especially  when  the  tragus  is  provided  with 
ninB,  is  also,  doubtless,  of  service  in  protecting  the  meatus  and  mem- 
raca  tympaDi  against  dust,  msects,  and  the  like. 

Regarding  the  cartilage  of  the  external  car,  therefore,  as  a  conductor 
f  sonorous  vibrations,  all  its  inequalities,  elevations,  and  depressions, 
^ome  of  evident  importance;  for  those  elevations  and  depressions  upon 
flich  the  undulations  fall  perpendicularly,  will  be  affected  by  them  in 
ke  most  intense  degree;  and,  in  consequence  of  the  various  form  and 
bsition  of  these  inequalities,  sonorous  undulations,  in  whatever  direc- 
ion  they  may  come,  must  fall  perpendicularly  upon  the  tangent  of  some 
lie  of  them.  This  alforda  an  explanatioB  of  the  extraordinary  form 
Iren  to  this  part. 

,  In  animals  living  in  the  atmosphere,  the  sonorous  vibrations  are  con- 
feyed  to  the  auditory  nerve  by  three  different  media  in  succession; 
Ikmely,  the  air,  the  solid  parts  of  the  body  of  the  animal  and  of  the 
^ditory  apparatus,  and  the  fluid  of  the  labyrinth.  Sonorous  vibrations 
re  imparted  too  imperfectly  from  air  to  solid  bodiesj  for  the  propaga- 
pn  of  sound  to  the  internal  ear  to  be  adequately  effected  by  tliat  lAeans 
k>ne;  yet  already  an  instance  of  its  being  thus  propagated  has  been 
tentioned.  In  passing  from  air  directly  into  w*ater,  sonorous  vibra- 
Dns  suffer  also  a  considerable  diminution  of  their  strength;  bat  if  a 
ttise  membrane  exists  between  tlio  air  and  tlio  water,  the  sonorous  vi- 
tiations are  communicated  from  tlje  former  to  the  latter  medium  with 
try  great  intensity.  This  fact,  of  which  Miiller  gives  experimental 
toof,  furnishes  at  once  an  explanation  of  the  use  of  tho  fenestni  rotunda, 
Hd  of  the  mombrano  closing  it.  They  are  the  means  of  comnnmicat- 
pg,  iu  full  intensity,  the  vibrations  of  the  air  in  the  tympanum  to 
be  fluid  of  the  labyrinth.     This  peculiar  property  of  membranes  is  the 

alt,  not  of  their  tenuity  alone,  but  of  the  elasticity  and  capability  of 
cement  of  their  particlej^;  and  it  is  not  impaired  when,  like  the 

Hbrane   of  the  fenestra  rotunda,    they   are  not    impregnated  with 
oisture. 

.Sonorous  vibrations  are  also  communicated  without  any  perceptible 

t  of  intensity  from  the  air  to  the  water,  when  to  the  membrane  form- 
ing the  medium  of  communication,  there  is  attached  a  short,  solid  body, 
Wiich  occupies  the  greater  part  of  its  surface,  and  is  alone  in  contact 
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with  the  water.     This  fact  chicidates  the  action  of  the  fenestra  ovali 
and  of  the  plate  of  the  staples  which  occopies  it,  and,  with  the  preoedin 
fact,  ahowa  that  both  fenestrie — that  closed  hy  membrane  only,  and 
with  which  the  movable  stapes  is  connected — transmit  very  freelj 
sonorous  vibrations  from  the  air  to  the  fluid  of  the  labyrinth* 

A  small,  solid  body,  fixed  in  an  opening  by  means  of  a  border 

membrane,  so  as  to  be  movablei  communicates  sonorous  vibrations  feoi 

air  on  the  one  aide,  to  water,  or  the  fluid  of  the  labyrinth,  on  tbeotbi 

side,  much  better  than  solid  media  not  so  constructed.     But  the  prop! 

gation  of  sound  to  tlie  fluid  is  rendered  much  more  perfect  if  the  soli 

conductor  thus  occupying  the  opening,  or  fenestra  ovalis,  is  by  its  othi 

end  fixed  to  the  middle  of  a  tense  membrane,  which  has  atmospheric 

on  both  sides.     A  teuae  membrane  is  a  much  better  conductor  of 

vibrations  of  air  than  any  other  solid  body  bounded  by  definite  surfnofl 

and  the  vibrationa  are  also  communicated  very  readily  by  tense 

branes  to  solid  bodies  in  contact  with  them*     Thus,  then,  the  memb 

tympani  serves  for  the  transmission  of  sound  from  the  air  to  the  ch 

of  ossicles.     Stretched  tightly  in  its  osseous  ring,  it  vibrates  with  1 

air  in  the  auditory  passage,  as  any  thin  tense  membrane  will,  when  1 

air  near  it  is  thrown  into  vibrations  by  the  sounding  of  a  tuning-far 

or  a  musical  string.     And,  from  such  a  tense  vibrating  membrane^  tl 

vibrations  are  communie^ited  with  great  intensity  to  solid  bodies  whii 

touch  it  at  any  point.     If,  for  example,  one  end  of  a  flat  piece  of 

be  applied  to  the  membrane  of  a  drum,  while  the  other  end  is  held 

the  hand,  vibrations  are  felt  distinctly  when  the  vibrating  tuning-foti 

is  held  over  the  membrane  without  touching  it;  but  the  wood  aloi 

isolated  from  the  membrane,  will  only  very  feebly  propagate  the  vita 

tions  of  the  air  to  the  hand. 

I  In  comparing  the  membrana  tympani  to  the  membrane  of  a  droi 

I  however,  it  is  necessary  to  point  out  certain  important  differences. 

I  When  a  drum  is  struck,  a  certain  definite  tone  is  elicited  (func 

mental  tone);  similarly  a  drum  is  tlirown  into  vibration  when  certal 

I  tones  arc  sounded  in  its  neighborhood,  while  it  is  quite  unaffected 

[  others.     In  other  words  it  can  only  take  up  and  vibrate  in  responso 

,  those  tones  whose  vibrations  nearly  correspond  in  number  with  those 

its  own  fundamental  tone.     The  tympanic  membrane  can  take  up 

immense  range  of  tones  produced  by  vibrations  ranging  from  30  to  40 

or  5000  per  second.     Thia  would  be  clearly  impossible  if  it  were 

^  evenly  stretched  membrane. 

l»  The  fact  is,  that  the  membrana  tympani  is  by  no  means  o' 

stretched,  and  this  is  due  partly  to  its  slightly  funnel-like  form, 
partly  to  its  being  connected  with  the  chain  of  auditory  oBsicles.  ' 
ther,  if  the  membrane  were  quite  free  in  its  centre,  it  would  go 


|ribratiiig  as  a  drum  does  some  tinio  after  it  is  struck,  and  each  aoutid 
poald  be  prolonged^  leading  to  considerable  confusion.  This  evil  is 
Deviated  by  the  ear-boned,  which  check  the  coQtinuance  of  the  vibratione 
bke  the  '*  dampers'*  in  a  pianoforte. 

The  ossicles  of  the  ear  are  the  better  conductors  of  the  sonorous  vi- 
brations communicated  to  them,  on  account  of  being  isolated  by  an 
atmosphere  of  air,  and  not  continuous  with  the  bones  of  the  cranium; 
lor  every  solid  body  thus  isolated  by  a  diiferent  medium,  propagates 
ribrations  with  more  intensity  through  its  own  substance  than  it  com- 
Kiimicates  them  to  the  surrounding  medium,  which  thus  prevents  a 
lepression  of  the  sound;  just  as  the  vibrations  of  the  air  in  the  tubes 
XBdd  for  conducting  the  voice  from  one  apartment  to  another  are  pre- 
sented from  being  dispersed  by  the  solid  walls  of  the  tube.  The  vibra- 
ions  of  the  membrana  tympani  are  transmitted,  therefore,  by  the  chain 
rf  oaeicula  to  the  fenestra  ovalis  and  fluid  of  the  labyrinth,  their  disper- 
ioa  in  the  tympannm  being  prevented  by  the  difficulty  of  the  transition 
f  yibrations  from  solid  to  gaseous  bodies. 

The  necessity  of  the  presence  of  air  on  the  inner  side  of  the  mem- 
irana  tympani,  in  order  to  enable  it  and  the  ossicula  auditua  to  fulfil  the 
bjecta  just  described,  is  obvious.  Without  this  provision,  neither 
ronld  the  vibrations  of  the  membrane  be  free,  nor  the  chain  of  bones 
loiated,  so  as  to  propagate  the  sonorous  nndulatious  with  concentration 
t  their  intensity.  But  while  the  oscillations  of  the 
tiembrana  tympani  are  readily  communicated  to  the  air 
a  the  cavity  of  the  tympanum,  those  of  the  solid  oasi- 
Ola  will  not  be  conducted  away  by  the  air,  but  will  be 
ropagated  to  the  labyrinth  without  being  dispersed  in 
lie  tympannm. 

The  propagation  of  sound  through  the  ossicula  tym- 
lani  to  the  labyrinth,  must  be  affected  either  by  oscil- 
potions  of  the  bones,  or  by  a  kind  of  molecular  vibration 
t  their  particles,  or,  most  probably,  by  both  these  kinds 
tf  motion. 

It  has  been  shown  that  the  existence  of  the  mem- 
over  the  fenestra  rotunda  will  permit  approxima- 
and  removal  of  the  stapes  to  and  from  the  laby- 

ith.  When  by  the  stapes  the  membrane  of  the 
ovalifl  is  pressed  toward  the  labyrinth,  the 
lembrane  of  the  fenestra  rotunda  may,  by  the  pressure  communicated 
threngh  the  fluid  of  the  labyrinth,  be  pressed  toward  the  cavity  of  the 
^panum. 

The  long  process  of  the  malleus  receives  the  undulations  of  the  mem- 
irana  tympani  (fig.  405,  a^  a)  and  of  the  air  in  a  direction  indicated  by 


tke  QctioD  of  tlie  cwj- 
Blcles  of  the  middle 
ear  in  the  conduc- 
tion of  tiouELd  to  the 
Internal  ^u*. 
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the  urrows,  nearly  perpendicular  to  itself.  From  the  long  proce«  di 
the  malleus  tlmy  are  propagated  to  its  head  (b) :  thence  into  the  inca«  (c),i 
the  long  process  of  which  is  parallel  with  the  long  process  of  the  malleiu.| 
From  the  long  process  of  the  incus  the  undulations  are  commuaicatel] 
to  the  stapes  (^),  which  is  united  to  the  incus  at  right  angles.  Thtl 
several  changes  in  the  direction  of  the  chain  of  bones  have,  boweror,  dqI 
influence  iu  changing  the  character  of  the  undulations,  which  remam  ( 
same  as  in  the  meatus  extemus.  From  the  long  process  of  the  malleii 
the  undulations  are  communicated  by  the  stapes  to  the  fenestra  or 
in  a  perpendicular  direction. 

IncreiiBing  tension  of  the  membrana  tympani  dimimsbes  the  facilitfj 
of  transmission  of  sonorous  undulations  from  the  air  to  it. 

The  dry  menihrana  tympani,  on  the  approach  of  a  body  emits  aloui 
sound,  rejects  particles  of  sand  strewn  upon  it  more  strongly  when 
than  when  very  tense;  and  it  has  been  inferred,  therefore,  that  hearinj] 
is  rendered  less  acute  by  increasing  the  tension  of  the  membrana  ty 
pani. 

The  pharyngeal  orifice  of  the  Eustachian  tube  is  usually  shat;  dar^j 
ing  swallowing,  however,  it  is  opened;  this  may  be  shown  as  followa:- 
If  the  nose  and  mouth  be  elo&ied  and  the  cheeks  blown  out,  a  sen^<^| 
pressure  is  produced  in  both  ears  the  moment  we  swallow;  this  is  du 
doubtless,  to  the  bulging  out  of  the  tympanic  membrane  by  the  < 
pressed  air,  which  at  that  moment  enters  the  Eustachian  tube. 

Similarly  the  tympanic  membrane  may  be  pressed  in  by  rarec 
the  air  in  the  tympanum.     This  can  be  readily  accomplished  by  clo 
the  mouth  and  nose,  and  making  an  inspiratory  effort  and  at  theasiJ 
time  swallowing.      In  both  cases  the  sense  of  hearing  is  tempop 
dulled;  proving  that  equality  of  jTressure  on  both  sides  of  the  tymp 
membrane  is  necessary  for  its  full  efficiency. 

The  principal  office  of  the  Eustachian  tube  has  relation  to  thej 
vention  of  these  effects  of  inerciised  tension  of  the  membrana  tymp 
Its  existence  and  openness  will  provide  for  the  maintenance  of  the  ^qui-J 
librium  between  the  air  within  the  tympanum  and  the  external  Wff  I 
as  to  prevent  the  inordinate  tension  of  the  membrana  tympani  whidl 
would  be  produced  by  too  great  or  too  little  pressure  on  either  ade.J 
While  discharging  this  office,  however,  it  will  servo  to  render 
clearer,  as  the  apertures  in  violins  do;  to  supply  the  tympanum 
air;  and  to  bean  outlet  for  mucus.  If  the  tube  yfiive permanenUy of 
the  sound  of  one's  own  voice  would  probably  be  greatly  intensified,  I 
condition  which  would  of  course  interfere  with  the  perception  of  oti 
sounds.  At  any  rate,  it  is  certain  that  sonorous  vibrations  C4in  be  ] 
agated  up  the  tube  to  the  tympanum  by  means  of  a  catheter 
into  the  pharyngeal  orifice  of  the  Etistachian  tube. 
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[  The  influence  of  the  tensor  tympani  muscle  in  modifying  hearing 
Iff  also  be  probably  exphiined  in  uuiinuction  with  the  regultition  of  the 
isioD  of  the  meinbriinsi  tynipani.  If,  through  reliex  nervous  action, 
lean  be  excited  U\  contraction  by  a  very  loud  sound,  then  it  is  raani- 
tt  that  a  very  intense  sound  would,  through  the  action  of  this  muscle, 
lucse  a  deafening  or  muffling  of  the  ears.     In  favor  of  this  supposition 

Eave  the  fact  that  a  loud  sound  excites,  by  reflection,  nervons  action, 
ing  of  the  eyelids,  and,  in  persons  of  irritable  nervous  system,  a 
en  contraction  of  many  muscles. 
The  exact  influence  of  the  stapedius  muscle  in  hearing  is  unknown, 
nets  upon  the  stapes  in  such  a  manner  its  to  make  it  rest  obliquely  in 
I  fenestra  ovalis,  depressing  that  side  of  it  on  which  it  acts,  and  ele- 
png  the  other  side  to  the  same  extent.  It  prevents  too  great  a  move- 
tat  of  the  bone. 

I  The  fluid  of  the  labyrinth  is  the  most  general  and  constant  of  the 
instic  provisions  of  the  labyrinth.  In  all  forms  of  organs  of  hearing, 
I  sonorous  vibrations  af!ect  the  auditory  nerve  through  the  medium 
^liquid — the  most  convenient  medium,  on  many  accounts,  for  such  a 
rpoee. 

The  otoliths  in  the  labyrinth  would  reinforce  the  sonorous  vibrations 
tiieir  resonance,  even  if  they  did  not  actually  touch  the  membranes 
>n  which  the  nerves  are  expanded;  hut,  inasmuch  m  these  bodies  lie 
Contact  with  the  niembranons  parts  of  the  labyrinth,  and  the  vestibu- 

Eerve-fihres  are  imbed iled  in  them,  they  communicate  to  these  mem- 
B!S  and  the  nerves,  vibratory  impulses  of  greater  intensity  than  the 
of  the  labyrinth  can  impart.  This  appears  to  be  their  office.  So- 
C>us  undulations  in  water  are  not  perceivetl  by  the  hand  itself  immersed 
he  water,  but  are  felt  distinctly  through  the  medium  of  a  rod  held 
Uie  hand.  The  fine  hair-like  prolongations  from  the  epitiielial  cells 
ihe  ampullar  have,  probably,  the  same  function. 
The  function  of  the  semicircular  canals  in  the  co-ordination  of 
hrements  necessary  to  the  maintemmco  of  the  equilibrium  of  the  body 
I  already  been  indicated. 

rThe  cochlea  seems  to  be  constructerl  for  the  spreading  out  of  the 

rre-fibres  over  a  wide  extent  of  surface,  upon  a  solid  lamina  which 

lamunicates  with  the  solid  walls  of  the  labyrinth  and  cranium,  at  the 

He  time  that  it  is  in  contact  with  the  Huid  of  the  labyrinth,  and 

ttfih,  besides  exposing  the  nerve-fibres  to  the  influence  of  sonorous 

dulations,  by  two  media,  is  itself  insnlated  by  fluid  on  either  side. 

The  connection  of  the  lamina  spiralis  with  the  solid  walla  of  the 

yrinth,  adapts  the  cochlea  for  the  i>erception  of  the  sonorous  undnla- 

HB  propagated  by  the  solid  parts  of  the  bead  and  the  walls  of  the  laby- 

Ith*     The  membranous  labyrinth  of  the  vestibule  and  semicircular 
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canals  is  suspended  free  in  the  perilymph,  and  is  destined  more  particft 
larly  for  the  perception  of  sounds  through  the  medium  of  that  fluid, 
whether  the  sonorous  undulations  be  imparted  to  the  fluid  throagh  th 
fenestras,  or  by  the  intervention  of  the  cranial  bones,  as  when  8oiuidiii| 
bodies  are  brought  into  communication  with  the  head  or  teeth.    Tk(| 
spiral  lamina  on  which  the  nervous  fibres  are  expanded  in  the  cochU 
is,  on  the  contrary,  continuous  with  the  solid  walls  of  the  labyrinth,  oi 
receives  directly  from  them  the  impulses  which  they  transmit.    Thisi^ 
an  important  advantage;   for  the  impulses  imparted  by  solid  hodid 
have,  cceteris  paribus^  a  greater  absolute  intensity  than  those  commnaM 
cated  by  water.     And,  even  when  a  sound  is  excited  in  the  water,  fl 
sonorous  undulations  are  more  intense  in  the  water  near  the  surfilos  I 
the  vessel  containing  it,  than  in  other  parts  of  the  water  equally  difti 
from  the  point  of  origin  of  the  sound;  thus  we  may  conclude  dtf 
ccBteris  paribuSy  the  sonorous  undulations  of  solid  bodies  act  with  gmfa 
intensity  than  those  of  water.     Hence,  we  perceive  at  once  an  importa 
use  of  the  cochlea. 

This  is  not,  however,  the  sole  office  of  the  cochlea;  the  spiral  bunii 
as  well  as  the  membranous  labyrinth,  receives  sonorous  impulses  throi^ 
the  medium  of  the  fluid  of  the  labyrinth  from  the  cavity  of  the  vestiW 
and  from  the  fenestra  rotunda.     The  lamina  spiralis  is,  indeed, 
better  calculated  to  render  the  action  of  these  undulations  upontl 
auditory  nerve  efficient,  than  the  membranous  labyrinth  is;  for  as  a 
body  insulated  by  a  different  medium,  it  is  capable  of  resonance. 

The  rods  of  Corti  are  probably  arranged  so  that  each  is  set  to  Tibn 
in  unison  with  a  particular  tone,  and  thus  strike  a  particular  note, 
sensation  of  which  is  carried  to  the  brain  by  those  filaments  of  the« 
tory  nerve  with  which  the  little  vibrating  rod  is  connected.  The  di 
tinctive  function,  therefore,  of  these  minute  bodies  is,  probably, 
render  sensible  to  the  brain  the  various  musical  notes  and  tones,  on»i 
them  answering  to  one  tone,  and  one  to  another;  while  perhaps  I 
other  parts  of  the  organ  of  hearing  discriminate  between  the  intensil 
of  different  sounds,  rather  than  their  qualities. 

"  In  the  cochlea  wo  have  to  do  with  a  series  of  apparatus  adapted 
performing  sympathetic  vibrations  with  wonderful  exactness.  We  h 
here  before  us  a  musical  instrument  which  is  designed,  not  to  cit 
musical  sounds,  but  to  render  them  perceptible,  and  which  is  similar 
construction  to  artificial  musical  instruments,  but  which  far  surpii 
them  in  the  delicacy  as  well  as  the  simplicity  of  its  execution, 
while  in  a  piano  every  string  must  have  a  separate  hammer  by  meanij 
which  it  is  sounded  the  ear  possesses  a  single  hammer  of  an  ingeni 
form  in  its  ear  bones,  which  can  make  every  string  of  the  organ  of  Cd 
sound  separately. "     (Bernstein. ) 
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3ince  about  3000  rods  of  Corti  are  present  in  the  human  ear,  thia 
Id  give  about  400  to  eacb  of  the  seven  oetavea  which  are  within  the 
pass  of  the  ear.  Thus  about  32  would  go  to  each  ^eml-tone.  Weber 
rts  that  accomplished  muaiciaus  can  appreciate  differences  in  pitch 
mall  as  ^\th  of  a  tone.  Thus  on  the  theory  above  advanced,  the 
cacy  of  diacri  mi  nation  would,  in  thia  case,  appear  to  have  reached 
imits. 

Sounds, 

Kny  elastic  body,  e,g.^  air,  a  membrane,  or  a  string  performing  a 
ain  number  of  regular  vibrations  in  the  second,  gives  rise  to  what 
srmed  a  musical  sound  or  ione.  We  must,  however,  distinguieh  be- 
m  a  musical  sound  and  a  mere  noise;  the  latter  being  due  to  irregular 
ations, 

ilusical  sounds  are  distinguished  from  each  other  hy  three  qualities. 
Ureugth  or  intensity,  which  ia  due  to  the  ampHtude  or  length  of  the 
ations.  2,  Ftkh,  wliich  depends  upon  the  number  of  vibrations  in 
cond.  3.  Qimiilt/^  Colm\  or  Timbre.  It  is  hy  this  property  that 
listinguish  the  Siime  note  sounded  on  tw^o  instruments,  e,g,^  a  piano 
a  flute.  It  has  been  proved  by  Helmholtz  to  depend  on  the  number 
Bcondary  tones,  termed  harmonics^  which  are  present  with  the  pre- 
inatiug  or  fundamental  tone, 

t  w^ould  appear  that  two  impulses,  which  are  equivalent  to  four  single 
alf  vibrattonsj  are  suJfieient  to  produce  a  definite  note,  audible  as 

through  the  auditory  nerve. 

The  maximum  and  minimum  of  the  intervals  of  successive  impulses 
appreciable  through  the  auditory  nerve  as  determinate  sounds,  have 

determined  hy  Savart.  If  their  intensity  is  sufficiently  great, 
ds  are  still  audible  which  result  from  the  succession  of  48,000  half 
itions,  or  24,000  impulses  in  a  second;  and  this,  probably,  is  not 
extreme  limit  in  acuteness  of  sounds  perceptible  by  the  ear.  For 
opposite  extreme,  he  has  succeeded  in  rendering  sounds  audible 
h  w^ere  produced  hy  only  fourteen  or  eighteen  half  vibrations,  or 
I  or  eight  impulses  in  a  second;  and  sounds  still  deeper  miglit  prob- 
be  heard^  if  the  individual  impulses  could  he  sufficiently  prolonged, 
Hreiition. — The  power  of  perceiving  the  direction  of  soiinds  is  not 
ulty  of  the  sense  of  hearing  itself,  but  ia  an  act  of  the  mind  judging 
rperience  previously  acr|utred.  From  the  modifications  which  tho 
tion  of  sound  undergoes  according  to  the  direction  in  which  the 
1  reaches  us,  the  mind  infers  the  position  of  the  soundiug  body, 
jnly  true  guide  for  this  inference  is  the  more  intense  action  of  the 
I  upon  one  than  upon  the  other  ear.  But  even  here  there  is  room 
.ach  deception,  by  the  influence  of  reflexion  or  resonance,  and  by 
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the  propagation  of  Bound  from  a  distance,  withoat  loss  of  int^isitj, 
through  curved  conducting  tubes  filled  with  air.  By  means  of  such  tabes,  \ 
or  of  solid  conductors,  which  convey  the  sonorous  vibrations  from  their 
source  to  a  distant  resonant  body,  sounds  may  be  made  to  appear  to  orig- 
inate in  a  new  situation.  The  direction  of  sound  may  also  be  jndgel: 
of  by  means  of  one  ear  only ;  the  position  of  the  ear  and  head  being 
varied,  so  that  the  sonorous  undulations  at  one  moment  fall  upon  tin 
ear  in  a  perpendicular  direction,  at  another  moment  obliquely.  Bat 
when  neither  of  these  circumstances  can  guide  us  in  distinguishing  thi, 
direction  of  sound,  as  when  it  falls  equally  upon  both  ears,  its  soon^ 
being,  for  example,  either  directly  in  front  or  behind  us,  it  beoonMii| 
impossible  to  determine  whence  the  sound  comes.  J 

Distance. — The  distance  of  the  source  of  sounds  is  not  recognised  M 
the  sense  itself,  but  is  inferred  from  their  intensity.     The  sense  itsdf ■ 
always  seated  but  in  one  place,  namely,  in  our  ear;  but  it  isinterpreMi 
as  coming  from  an  exterior  soniferous  body.     When  the  intensity  of  H 
voice  is  modified   in  imitation  of  the  effect  of  distance,  it  excites 
idea  of  its  originating  at  a  distance.     Ventriloquists  take  Advantage 
the  difficulty  with  which  the  direction  of  sound  is  recognized,  and  i 
the  influence  of  the  imagination  over  our  judgment,  when  they  dii 
their  voice  in  a  certain  direction,  and  at  the  same  time  pretend,  thi 
selves,  to  hear  the  sounds  as  coming  from  thence. 

Intensity, — By  removing  one  or  several  teeth  from  the  toothed 
the  fact  has  been  demonstrated  that  in  the  case  of  the  auditory  ncrU 
as  in  that  of  the  optic  nerve,  the  sensation  continues  longer  than  the 
pression  which  causes  it;  for  a  removal  of  a  tooth  from  the  wheel pil 
duced  no  interruption  of  the  sound.  The  gradual  cessation  of  the 
sation  of  sound  renders  it  difficult,  however,  to  determine  its 
duration  beyond  that  of  the  impression  of  the  sonorous  impulses. 

So  we  see  that  the  effect  of  the  action  of  sonorous  undulations  a] 
the  nerve  of  hearing,  endures  somewhat  longer  than  the  period  di 
which  the  undulations  are  passing  through  the  ear.  If,  however, 
impressions  of  the  same  sound  be  very  long  continued,  or  com 
repeated  for  a  long  time,  then  the  sensation  produced  may  continae 
a  very  long  time,  more  than  twelve  or  twenty-four  hours  even,  aftff 
original  cause  of  the  sound  has  ceased. 

Binaural  Sensations, — Corresponding  to  the  double  vision  of 
same  object  with  the  two  eyes,  is  the  double  hearing  with  the  two 
and  analogous  to  the  double  vision  with  one  eye,  dependent  on  ui 
refraction,  is  the  double  hearing  of  a  single  sound  with  one  ear,  01 
to  the  sound  coming  to  the  ear  through  media  of  unequal  condu< 
power.     The  first  kind  of  double  hearing  is  very  rare ;  instances  rf 
however,  have  been  recorded.     The  second  kind  which  depends  on 


neqiia]  cundiictiog  power  of  two  media  through  which  the  same  sound 
I  tniDsmitteti  to  the  ear,  may  easily  be  experienced.  If  a  small  bell  bff 
IWnded  in  water^  while  the  cars  are  closed  by  plugs,  and  a  solid  con- 
brctor  be  interposed  between  the  water  and  the  ear,  two  sounds  will  be 
card  differiDg  in  intensity  and  tone;  one  being  conveyed  to  the  ear 
Imigh  the  medium  of  the  atmoephere,  the  other  through  the  conduct- 
k-rod. 

Subjective  Stnsaimis. — Subjective  sonnda  are  the  result  of  a  state  of 
Ti  tat  ion  or  excitement  of  the  auditory  nerve  produced  by  other  causes 
kn  sonorous  impulses.  A  state  of  excitement  of  this  nerve,  however 
^Qoed,  gives  rise  to  the  seosation  of  sound.  Hence  the  ringing  and 
kzzing  in  tlie  ears  heard  by  jK^rsons  of  irritable  and  exhausted  nervous 
pAein,  and  by  patients  with  cerebral  disease,  or  disease  of  the  auditory 
pre  iteelf  ^  hence  also  the  noise  in  the  ears  heard  for  some  time  after  a 
kg  journey  in  a  rattling,  noisy  vehicle.  Kitter  found  that  electric 
Irrents  also  excite  sounds  in  the  ears.  From  the  above  truly  subjective 
ind  we  must  distiiiguish  those  dejicndent,  not  on  a  state  of  the  audi- 
fy  nerve  itself  merely,  but  on  sonorous  vibnitious  excited  in  the  audi- 
ry  appai*atus.  Such  are  the  buzzing  sounds  attendant  on  vascular 
Hge«tion  of  the  head  and  ear,  or  on  aneurismal  dilatation  of  the  ves- 
li*  Frequently  even  the  simple  jnilsatory  circulation  of  the  blood  in 
tear  is  heard.  To  the  sounds  of  this  class  belong  also  the  buzz  or 
im,  beard  during  the  contraction  of  the  palatine  muscles  in  the  act  of 
•ming,  during  the  forcing  of  air  into  the  tympanum  so  wi  to  make 
bee  the  membrana  tympani,  and  in  the  act  of  blowing  the  nose,  as  well 
Idaring  the  forcible  depression  of  the  lower  jaw. 

Irritation  or  excitement  of  the  auditory  nerve  is  capable  of  giving 
B  to  movements  in  the  body,  and  to  sensations  in  other  organs  of 
lie.  In  both  cases  it  is  probable  that  the  laws  of  reflex  action,  through 
t  medium  of  the  brain,  come  into  play.  An  intense  and  sudden  noise 
^tea,  in  every  person,  closure  of  the  eyelids,  and,  in  nervous  indi- 
Inalfl,  a  start  of  the  whole  body  or  an  unpleasant  sensation,  like  that 
idQced  by  an  electric  shock,  throughout  the  body,  and  sometimes  a 
kicular  feeling  in  the  external  ear.  Various  sounds  cause  in  many 
iple  a  disagreeable  feeling  in  the  teeth,  or  a  sensation  of  cold  tickling 
"ough  the  body,  and,  in  some  people j  intense  sounds  are  said  to  make 
^  saliva  collect. 

V,  Sight, 

\Anatofittj  of  the  Optical  Apparatus.— The  eyelids  consist  of  two  mov- 
0  folds  of  skin,  each  of  which  is  kept  in  shape  by  a  thin  plate  of 
low  elastic  tissue.  Along  tlreir  free  edges  are  inserted  a  o!imber  of 
Tred   hairs  {etjelmhes)^   which,   when  the  lids  are  half  closed,  serve 
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to  protect  tho  eye  from  dust  and  other  foreign  bodies:  their  tactile  sen- 
sibility is  also  very  delicate. 

On  the  inner  surface  of  the  elastic  tissue  are  disposed  a  number  of 
small  racemose  glands  (Meibomian),  whose  ducts  open  near  the  free  edge 
of  the  lid. 

The  orbital  surface  of  each  lid  is  lined  by  a  delicate,  highly  sensitire 
mucous  membrane  {conjufictiva)^  which  is  continuous  with  the  skin  at 
the  free  edge  of  each  lid,  and  after  lining  the  inner  surface  of  the  eyelid 
is  reflected  on  to  the  eyeball,  being  somewhat  loosely  adherent  to  the 
sclerotic  coat.  The  epithelial  layer  is  continued  over  the  cornea  at  its 
anterior  epithelium.  At  the  inner  edge  of  the  eye  the  conjunctiTi 
becomes  continuous  with  the  mucous  lining  of  the  lachrymal  sac  and 
duct,  which  again  is  continuous  with  the  mucous  membrane  of  the 
inferior  meatus  of  the  nose. 

The  lachrymal  glmidy  composed  of  several  lobules  made  up  of  acini 
resembling  the  serous  salivary  glands,  is  lodged  in  the  upper  and  enter 
angle  of  the  orbit.  Its  secretion,  which  issues  from  several  ducts  on 
the  inner  surface  of  the  upper  lid,  under  ordinary  circumstances  joefc 
suffices  to  keep  the  conjunctiva  moist.  It  passes  out  through  two  small 
openings  (puncta  lachrymalia)  near  the  inner  angle  of  the  eye,  one  in 
each  lid,  into  tho  lachrymal  sac,  and  thence  along  the  nasal  duct  into 
the  inferior  meatus  of  the  nose.  The  excessive  secretions  poured  ont 
under  the  influence  of  any  irritating  vapor  or  painful  emotion  overflow 
the  lower  lid  in  the  form  of  tears. 

The  eyelids  are  closed  by  the  contraction  of  a  sphincter  mnsde 
{orhiculnrin)^  supplied  by  the  facial  nerve;  the  upper  lid  is  raised  bytta 
levator  palpebrcB  superioris^  which  is  supplied  by  the  third  nerve. 

The  Eyeball. 

The  eyeball  or  the  organ  of  vision  (fig.  406)  consists  of  a  variety  of 
structures  which  may  be  thus  enumerated : — 

Tho  schroficy  or  outermost  coat,  envelops  about  five-sixths  of  the 
eyeball:  continuous  with  it,  in  front,  and  occupying  the  remaining 
sixth,  is  tho  cornea.  Immediately  within  the  sclerotic  is  the  diorM 
coat,  and  within  the  choroid  is  the  retina.  The  interior  of  the  eyeball 
is  well-nigh  filled  by  the  aqueous  and  vitreous  humors  and  the  crystalliM 
lens;  but,  also,  there  is  suspended  in  the  interior  a  contractile  and  pe^ 
f orated  curtain, — tho  im,  for  regulating  the  admission  of  light,  and 
behind  at  the  junction  of  the  sclerotic  and  cornea  is  the  ciliary  mnecht 
the  function  of  which  is  to  adapt  the  eye  for  seeing  objects  at  varioni 
distatices. 

Structure  of  tlie  Sclerotic  Coat. — The  sclerotic  coat  is  composed  rf 


F 

lute  fibrous 
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te  fibrous  tissue,  with  some  elastic  fibres  near  the  inner  surface, 
tanged  in  variously  disposed  and  interlacing  layers.  Many  of  the 
mdles  of  ibres  cross  the  others  almost  at  right  angles.     It  is  strong, 


Tig.  4ue.~$eciUfD  of  thtu  anterior  foiir-flfth«  of  the  eyeball. 


mgh^  and  opaque,  and  not  very  elastic.  It  is  separated  from  the 
loroi^l  by  a  considerable  lymphatic  space  ( per  ichor  oidal)^  and  this  is  in 
ttmecfcion  with  sniallcr  spjicca  lined  with  endothelium  in  the  sclerotic 
At  itself*  There  is  a  lymphatic  space  also  outside  the  scierotic  sepa- 
ting  it  from  a  loose  investment  of  connective  tissue  called  the  rapmtU 
*  Tenon.  The  innermost  layer  is  made  up  of  loose  connective  tissue 
Id  pigment-cells,  and  is  tmlled  the  imninafusea. 

Structure  of  the  Corma.—*Vh^  cornea  is  a  transparent  membrane 
liich  forms  a  segment  of  a  smaller  sphere  than  the  rest  of  the  eyeball, 


___  JU  ^.>t_  _jtt!-  *^  • 


IfIj^.  407.— Vertical  seotfon  of  rabblt*i»  comea.     n,  Anterior  epUhelhim.,  nh^iwItiR  the  difl'artot 
■p-  of  the   celLK  at  various  d«i)tha  from  the  free  surface ;   b,  portlOQ  of  tb(»  aubstaacfl  of 

id  is  let  in,  as  it  were,  into  the  sclerotic  with  which  it  is  continuoua 
rotand.     It  is  covered  by  laminated  epithelium  («,  fig.  407),  consist- 
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ing  of  seven  or  eight  layers  of  cells,  of  which  the  suporficial  ones  are 
flattened  and  scaly,  and  the  deeper  oDes  more  or  leas  cohimimr.  Imme- 
diately beneath  this  is  the  anterior  elastic  lamina  of  Bowman^  wbidi 


/"- 


/ 


/ 
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Fig.  406.  —  Horirftntal  pn?p«nfctioci  of  cornea  of  frofe;  showintr  tht*  i 
corptiisclea,    Tlio  ground  subfltoooe  is  completely  colorloi 


;  of  braocbeijc 
Oa  (Kl6iiL> 


differs,  only  in  being  more  condensed  tissue,  from  the  general  stmctnrt 
of  the  cornea  or  cornea  proper. 

This  latter  tissue,  as  well  as  its  epithelium  is,  in  the  adult,  coi 
pletely  destitute  of  blood-vessels;  it  consists  of  an  intercellular  grouni 
substance  of  rather  obscurely  fibri Hated  flattened  bundles  of  counectii 
tissue,  arranged  parallel  to  the  free  surface,  and  forming  the  bonndarii 
of  branched  anaistoniosing  spaces  in  which  the  corn ej4- corpuscles  li< 
These  branched  cornea-corpuscles  have  been  seen  to  creep  by  amoEboi 


Hg,  40©.— Surface  rlew  of  part  of  Umena  of  kitldrs  cornea,  preparetl  fln*  iHthc 
taah  suti  then  with  nitrate  of  silver.     (By  thin  methofl  the  brttncnwl  conM?a-oorpoicl«i 
uielr  granular  i>rm<ipliisiii  and  large  oral  nuclei  are  brought  out)     x  450.     Cl^ein  and  W 


BmitbO 

movement  from  one  branched  space  into  another.     At  its  posterior 
face  the  cornea  is  limited  by  thG  post erior  elastic  lamina^  or  me 
of  Dmcenieiy  similar  in  atnicture  to  the  anterior  elastic  lamina,  the  in 
layer  of  which  consists  of  a  single  stratinn  of  epithelial  colls  (fig,  \l%i 
JVVrre.^. — The  nerves  of  the  cornea  are  both  large  and  numerous: 
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rived  from  the  ciliary  nerves.  They  traverse  the  substance  of  the 
I,  in  which  some  of  them  near  the  anterior  surface  break  up  into  axis 
lers,  and  their  primitive  tibrilla^.  The  latter  form  a  plexus  imme- 
y  beneath  the  epithelium,  from  which  delicate  fibrils  pass  up 
!en  the  cells  anastomosing  with  horizontal  branches,  and  forming  a 
intra-epithelial  plexus,  from  which  still  finer  fibres  liscend,  till  near 
arface  they  form  a  superficial  intra-epithelial  net- work.  Most  of 
iriraitive  fibrillar  have  a  beaded  or  vai'ioose  appearance.     The  cornea 


Fig.  410. 


FIff,  411. 


410. —Vertical  wction  of  rabbit^M.  oomca,  »tain<!Ml  with  irold  chli>ride.  o,  Laminated 
■  fpithelfiuiL  Inimi^UftU'ly  lT*>m'ath  thia  Js  tli«  antt^rior  t^jistu'  lainlfna  of  Bitwinfui.  n. 
rormJDft  adelk'ati*  siiib-n'*t^''''"'^  ]>h'xus,  and  »«.'ii<lm«:  i^i  ini--  twi^^^  Ix-twefn  tluM'ipithe^llal 

end  in  a  ewcond  |flexii«  on  iJu*  rriL*e  t!iirfn*>»:  d,  IK-jMinu'l's  nifmbratit*,  cou.sie^t  in^  of  a 
♦tie  IttytT,  an<J  tt  Kinple  laynr  t*t  <'pftli**Hal  itdlsi;  iUk-  wiitrHt^nct"  of  thr  t'Cfmea,  /,  is  seen 
iriUat-ii,  ami  ctnitainii  niaDy  layers  r>f  braoehed  L-orpuHcles*,  arraui^TLHl  |>araUel  to  the  free 

iitjfl  hiTt^  mt'-u  ♦*fl>jewise.     (Schufleld. ) 

4n.-Set'tf<>n  IlirniiKh  tJie  choroid  coat  of  the  hiimati    -  _v^       ],*hi»tif    meuihriin**,  ntruo- 

or  rtiirly  flbrllliittMl;  2,  t'horiivoapillarlii  or  tunica  Unv -.  In  afn:  3^  ProfHT  Biibstance  of 
fold  wilh  iar^fv  vt\Hsol»  cut  thnmgh;  4,  iiupnictioruJU«M ;  ...  ;^  li  ^t^lie.       (Hchwalbc. ) 


>  blood-Yesseld  penetrating  it«  structure,  nor  yet  lymphatic  vessels 
r.  It  is  nourished  by  the  circulation  of  lymph  in  the  spaces  in 
,  the  cornea  oorpiiseles  lie.  These  communicate  freely  and  form  a 
i-canalicular  system. 

rnctttre  of  the  Choroid  Coat  {fynka  vasctdosa). — This  coat  is 
led  tn  ihi^  inner  layer  of  the  sclerotic  in  front  at  the  corneo-scleral 
ion  and  behind  at  the  entrance  of  the  optic  nerve,  elsewhere  it  if 


698 


HANDBOOK    OF   PHYSIOLOGY, 


connected  to  it  only  by  loose  connective  tissue.  Its  eitenml  coitii 
formed  chiefly  of  elastic  fibres  and  large  pigment  corpaeeles  loosely 
arranged  and  containing  lymphatic  spaces  lined  with  endothelium.  Thia 
is  the  mprarharoidm.  More  internally  is  a  layer  of  arteries  and  veiM 
arranged  in  a  system  of  venous  whorls,  together  with  elastic  fibrea&nd 


«      f 


Fl>r.  412. — Section  throufirh  the  eye  carried  thmtj^h  the  eillAnr  *-'^>'^^'^^     *  f^^nwa;  8,  h 
brane  of  Deacemet ;   3,  m-Jfrotk";   8',  i-urneo-sclpral  luncUon;   4.  < 
nueleatiH)  ni^twork  on   iuiitir  wall   of  fAoa)  of  8t-hu*tniii ;  7,  Hi; 

Btromn;  iJ,  pigmt^nt  »f   tris:    10,  cilliuy  proomm.^;    11,  ciliary  m-u^  ^'.  .    .,,    - 

merldionAl  and  14,  mdliitiog-  t)l>r««  of  cillttrv  miucler  Ifk,  ring  musele  of  Miiiler;  1ft,  drctUiT 
anjfular  bundles  of  ciliiiry  mufiole.     (Schwalbo.) 


,1 ;  a,  Trim  K 
u1 


pigment  cells.  The  lymphatics,  too,  are  well  developed  around 
blood-vessels,  and  there  are  besides  distinct  lymph  spaces  line<l  with  en- 
dothelium.  Internally  to  this  is  a  layer  of  line  capillaries,  very  dense  ani 
derived  from  the  arteries  of  the  onter  coat  and  ending  in  veins  in  thai 
coat.  It  contains  corpnscles  withont  pigment,  and  lymph  spaces  wbicl 
snrronnd  the  blood-vessels  [mefubrana  chorio-capillaris).  It  is  separate! 
from  the  retina  by  a  fine  elastic  membrane  (membrane  of  Bruch)^  wbid 
is  either  structureless  or  finely  fibrillated. 

The  choroid  coat  ends  in  front  in  what  are  called  the  ciliary  proctm 
(fig.  412).  These  consist  of  from  70  to  80  meridionally  arratigei 
radiating  plaits,  which  consist  of  blood-vessels,  fibrons  connective  tiasu^t 
and  pigment  corpuscles.  They  are  lined  by  a  continuation  of  the  mem* 
brane  of  Bruch,  The  ciliary  processes  terminate  abruptly  at  the  raargiik 
of  the  lens.  The  ciliary  muscle  (13,  14  and  15,  fig.  412),  which  may  bi 
considered  to  form  part  of  the  processes,  is  situated  between  th* 
sclerotic  (at  the  corneo-scleral  Junction)  and  the  folds  of  the  ciliarj 
processes.  It  is  a  ring  of  muscle,  3  ram.  broad  and  8  mm.  thick,  nn 
up  of  fibres  running  in  two  or  three  directions,  (a)  Meridional 
near  the  sclerotic  and  passing  to  the  choroid;  (b)  radial  fibres, 
toward  the  centre;  and  (c)  circular  fibres,  more  internal,  and  constii 
ing  the  so-called  ciliary  sphincter. 

Tiw  /rt^.— The  iris  is  a  continuation  of  the  choroid  inward  beji 
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the  cQiary  procseaaea.  It  is  a  fibm-muscalar  membrane  periorated  by  a 
Jentral  aperture,  the  pupit  It  is  made  np  chiefly  of  blood-vessels  and 
sonnective  tissue  with  pigment  and  u  nutria  ted  muscle. 

Posteriorly  are  two  layere  of  pigment  cells  {uvea}^  in  which  arerepre- 
wited  the  two  layers  of  cells  of  which  the  optic  vesicle  is  originally 
)raied,  and  behiiid  whicli  are  the  retuia  propur  and  its  pigment  layer* 
a  the  iria  representatives  of  both  layers  are  deeply  pigmented.  The 
ructure  of  the  iris  proper  is  made  of  connective  tissue  in  front  with 
tooj&cles  which  may  or  may  not  be  pigmented,  and  behind  of  similar 
ne  supporting  blood- vetssels  inclosed  in  connective  tissue.  The  pig- 
ent  ceDs  are  usually  well  developed  here,  as  are  also  many  nerve-fibres 
rdiating  toward  the  pupih  Surrounding  the  pupil  is  a  hiyer  of  circu- 
r  uustripe*!  muscle,  the  i<phific(iT  jiujniiw.  In  some  animals  there  are 
BO  muscle- fibres  which  radiate  from  the  sphincter  in  the  substance  of 
ie  iris  forming  the  dilaior  pnpiUw.  The  iris  is  covered  anteriorly  by 
layer  of  endothelium  continued  upon  it  from  the  posterior  surface  of 
m  cornea;  posteriorly  there  is  a  very  fine  layer  which  is  a  continuation 
*  the  membrana  limitans  interna  of  the  retina. 

The  Lens, — The  lens  is  situated  behind  the  iris,  being  inclosed  in  a 
iStinct  capsule,  the  posterior  snrface  of  which  is  less  thick  than  the 
iterior.  It  is  supported  in  place  by  the  suspensory  ligament,  fused 
I  the  anterior  surface  of  the  c^ipsule.  The  suspensory  ligament  is 
Jrired  from  the  hyaloid  membrane,  which  incloses  the  vitreous  humor. 

SiruHttre.—Thfji  lens  is  made  up  of  a  series  of  concentric  laminae 
414),  which  when  it  has  been  hardened,  can  be  peeled  off  like  the 


'X^W' 


FJR,  413.  Tig.  414. 

_i  from  behind.    1,  po«teriar  mfftmce  of  the  irie,  with  tbe 

.    .  anterior  part  of  the  choroid  cort;  8,  OBft  of  the  cilf  iiry  proceMea, 

,  fttMMit  sevfniy  'tkrv>  rapreseoted.     ^.  ,      ,  .,-.*.     ^ 

434*— Laminate  ntnictore  of  the  ciTBtiiUltit^  lens.    The  lamliUB  are  split  ud  niter  hard- 
alcohol.    1,  the  denser  oeotrml  p«rt  or  nucleus;  a,  the  sucseailTV  external  layers,     x  4. 


-Cllian'  proct^iwea,  a 


'aves  of  an  onion.     The  lamiuje  consist  of  loug  ribbon-shaped  fibres, 
kieh  ia  the  course  of  development  have  originated  from  cells. 
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The  lens  itself  is  made  up  of  transparent  longitudinal  fibres,  hexag-    \ 
onal  and  prismatic,  thickened  posteriorly.     Those  fibres  at  the  cortex 
have  nuclei  and  are  smooth,  those  near  the  centre  are  without  nncld 
and  have  serrated  edges.     The  fibres  are  united  together  by  a  scanty 
amount  of  cement  substance. 

The  arrangement  is  such  that  no  fibres  run  the  whole  half  of  the 
lens,  from  front  to  back,  since,  if  a  fibre  starts  near  the  anterior  pole, 
its  other  end  is  far  from  the  posterior  pole  (fig.  415.) 

The  epithelium  of  the  lens  consists  of  a  layer  of  cubical  cells  anteriorly, 
which  merges  at  the  equator  into  the  lens  fibres.  The  development  of 
the  lens  explains  this  transition.  The  lens  at  first  consists  of  a  closed 
sac  composed  of  a  single  layer  of  epithelium.  The  cells  of  the  posterior 
part  soon  elongate  forward  and  obliterate  the  cavity,  the  anterior  cells  do 


Fig.  415.— Meridional  section  through  the  lens  of  a  rabbit.    1,  Lens  capsule:  2«  epithelium  d 
lens;  8,  transition  of  the  epithelium  into  the  fibres;  4,  lens  fibres.    (Bubuchin.) 

not  grow,  but  at  the  edge  they  become  continuous  with  the  posterior 
cells,  which  are  gradually  developed  into  fibres.  The  lens  contaiM 
globulin  or  crystallin,  but  no  native-albumin;  it  also  contains  choles- 
terin.  The  capsule  is  a  homogeneous  transparent  elastic  membrane. 
The  hardest  portion  of  the  lens  is  that  which  is  most  internal.  It  fomis 
the  so-called  nucleus  of  the  lens  (fig.  414,  1). 

Corneo-Hcleral  junction, — At  this  junction  the  relation  of  parts  (fig. 
412)  is  so  important  lis  to  need  a  short  description.  In  the  neighbor- 
hood, the  iris  and  ciliary  processes  join  with  the  cornea.  The  propa* 
substance  of  the  cornea  and  the  posterior  elastic  lamina  become  continuous 
with  the  iris,  at  the  angle  of  the  iris^  and  the  iris  sends  forward  processei 
toward  the  posterior  elastic  lamina,  forming  the  lifjamentum  pedinaltvB 
iridis^  and  these  join  with  fibres  of  the  elastic  lamina.  The  endothelU 
covering  of  the  posterior  surface  of  the  cornea  is,  as  we  have  seen,  con- 
tinuous over  the  front  of  the  iris.  At  the  iridic  angle,  the  compact 
inner  substance  of  the  cornea  is  looser,  and  between  the  bundles  art 
lymph  spaces  filled  with  fluid,  called  the  spaces  of  Fontmia.  They  art 
little  developed  in  the  human  cornea.  Where  the  cornea  and  sclerotic 
join,  there  is  an  intermediate  part  which  resembles  both,  butwhichii 
still  not  transparent,  as  the  internal  part  remains  scleral  in  stmctuie. 

The  spaces  which  are  ])reseiit  in  the  broken  up  bundles  of  comei  i 
tissue  at  the  angle  of  the  iris,  are  continuous  with  the  larger  lymphatit' 
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|E  the  anterior  chamber.  Above  tlie  angle  at  the  corneo-scleral 
b  is  a  canal,  which  is  called  the  canal  of  Scklemm,  Ifc  ii  a  lym- 
fehaniiel,  but  appears  tu  be  in  cuminunieution  witli  blood -veseelB, 
ly  be  under  certain  circumstances  tilled  with  blood, 
fcture  of  ilte  Beiifia^—The  retina  (fig,  410)  h  a  delicate  membrane, 
twith  the  concavity  directed  forward  and  apparently  ending  in 
^ar  the  outer  part  of  the  ciliary  processes,  in  a  finely  notched 
jthe  ora  serrafa,,  but  really  represented  to  the  very  margin  of  the 
[Semi transparent  when  fresh,  it  Boon  iTCcomes  clouded  and  opaque, 
pinkish  tint  from  the  blood  in  its  minute  vesselss.  It  results  from 
Iden  spreading  out  or  expansion  of  the  optic  nerve,  of  whose  ter- 


h 


^ 


•    \ 
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-A  aectlcm  of  the  n^tinft,  choroid,  and  imrt  of  Hie  BcleroLic,  moderati*ly  majfntfted, 
%  limltanpi  int4?nia;  b,  nt-rve-flhre  layer  iraverHeil  by  MUllr-r's  nuftr«^nUciilar  nbres; 
i->ee1ll  Iftyir:  d^  molm^iilnr  layer;  <•,  intrrnal  nuclear  lay<T:  /»  in it^rnii clear  layer;  p.  eX- 
iBftr  layer;  h,  ni*MTVhraiia  UniitAnx  nxterua,  ninnlni;  mlorig^  the  lower  part  of  i,  thf?  layer 
Icoo^h;  k.  plEin»*nt'C"«ll  layer;  hn,  lat*»rtjal  and  eKt-ertml  vaficular  portions  of  the  chor- 
FBt  contAinlDg  capilL&rleiK  the  seooad  Isurger  blood- verael«,  cut  la  tranaTcns^i  section;  n. 


brea,  apparently  deprived  of  their  external  white  subetance,  to- 

rith  nerve  cells,  it  i.s  es.4entially  composed, 

btly  in  the  centre  of  the  retina  is  a  roinul  yellowigh  elevated  spot, 
L  of  an  inch  (1  mm.)  in  diameter,  having  a  minute  depression  in 
Kre,  called  after  its  discoverer  the  macula  lutea,  or  yellow  spot  of 
fin^.  The  minute  de]^reasin!i  in  its  centre  is  called  ih^^  fovea 
k     About  ^  of  an  inch  (2,5  mm.)  to  the  inner  side  of  the  yel- 


702  HANDBOOK  OF   PHYSIOLOGY. 

low  spot,  is  the  point  at  which  the  optic  nerve  enters  the  eyeball,  sod 
begins  to  spread  out  its  fibres  into  the  retina. 

The  optic  nerve  passes  forward  from  the  ventral  surface  of  the  ceie- 
brum  toward  the  orbit  inclosed  in  prolongations  of  the  membranes,  iha 
dura  mater,  arachnoid  and  pia  mater,  which  cover  the  brain.  The  ei' 
ternal  sheath  at  the  entrance  of  the  nerve  into  the  eyeball  becomes  oon* 
tinuous  with  the  sclerotic,  which  at  this  part  is  perforated  by  holes  to 
allow  of  passage  of  the  optic  nerve-fibres  and  the  pia  mater  with  th« 
choroid,  the  perforated  part  being  the  lamifia  cribrosa.  The  pia  mater 
here  becomes  incomplete,  and  the  subarachnoid  and  the  superarachDoid 
spaces  become  continuous.  The  pia  mater  sends  in  processes  into  thi 
nerve  to  support  the  fibres.  The  fibres  of  the  nerve  themselves  are  ei' 
ceedingly  fine,  and  are  surrounded  by  the  myelin  sheath,  but  do  ooi 
possess  the  ordinary  external  nerve-sheath.  As  they  pass  into  the  retim 
they  lose  their  myelin  sheaths  and  proceed  as  axis-cylinders.  iS^euroglii 
supports  the  nerve-fibres  in  the  optic  nerve-trunk.  In  the  centre  of  th( 
nerve  is  a  small  artery,  the  arteria  centralis  retituB.  The  number  o; 
fibres  in  the  optic  nerve  is  said  to  be  upward  of  500,000.  The  axis 
cylinders  pass  on  to  the  retina,  turning  over  the  edges  of  the  prm 
opticus^  to  be  distributed  on  the  inner  surface  of  the  retina,  as  far  as  thi 
ora  serrata,  as  a  layer  of  optic  nerve-fibres,  and  separated  from  th( 
hyaloid  membrane  which  contains  the  vitreous  humor  to  be  present!} 
described,  by  a  very  thin  layer,  the  membrana  limitans  interna. 

The  retina  consists  of  certain  nervous  elements  arranged  in  several 
layers  and  supported  by  a  very  delicate  connective  tissue. 

The  researches  of  Cajal  upon  the  structure  of  the  retina  of  verte- 
brates has  shown  that  this  membrane  is  a  much  simpler  structure  than 
has  heretofore  been  described.  Cajal's  observations  being  confirmed  by 
other  observers  and  accepted  by  neuro-anatomists,  it  will  be  safe  togi?e 
the  descriptions  here,  as  representing  our  present  knowledge  of  the 
structure  of  this  membrane. 

The  retina  is  a  nervous  tissue  formed  essentially  of  three  layers  of 
nerve-cells.    From  without  inward  they  are:  the  layer  of  visual  cells, tb« 
layer  of  bipolar  cells,  and  the  layer  of  ganglionic  cells.     This  subdivisioa 
is  shown  in  the  diagram  (tig.  417).     These  different  layers  may  be  sub- , 
divided  so  as  to  give  the  following  layers  from  without  inward: 

1.  The  layer  of  rods  and  cones.  )  u*^,^.  „  ^i,^  i„„«,  ^^  «5o„oi  ««n-  ' 

2.  The  external  granular  layer.  [  forming  the  layer  of  visual  cells.  | 

8.  The  external  molecular  layer.  )  u^^,.^.   „  x^^  i„«.«^  ^f  i^;rv«i„-  ^Wa 

4.  Internal  granular  layer.  \  Forming  the  layer  of  bipolar  cells. 

5.  Internal  molecular  layer.  )  Forming  the  layerof 

6.  Ganglionic  layer,  witii  the  fibres  of  the  optiu  nerve.  J      ganglion  cells. 

The  layer  of  visual  cells  is  subdivided,  as  seen  in  the  figure,  intotbsi 
of  the  rods  and  cones  externally  and  that  of  the  external  granular  inte^ 
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Billy.  This  18,  however,  practically  a  layer  made  up  aiinply  of  bipolar 
Dene'Cells  with  prolongations  more  or  lesa  loDg  wliich  riui  to  the  ex- 
ternal surface  of  the  retina  and  there  form  a  series  of  bodies  known  as 
tlie  rods  and  cones* 

L  Tfte  roflt  aful  atues  MQ  really  a  kind  of  secretion  from  the  pro- 
toplasm of  the  bipolar  celt  beneath ^  and  are  not  distinct  nerve-cells, 
Th&y  consist  of  bodies  more  or  less  alike,  which  extend  up  through  the 
external  limiting  membrane  from  the  cells  beneath. 


rUp.  417.— TmntTfsn*©  iiectlon  of  «  ifiamniAlian  rettna,  A^  Liiji*rof  rod*  and  oon€«:  B,  bodl«a 
of  tIiiujU  c^Us  Cext<?raal  gnwiular);  C,  eXTteraal  mol*'cular  Injer;  E.  lBT*»r  of  bipolar  orJIh  (internal 
flsaiulAr;;  F,  iutemaJ  moltKinlar  lnyer;  0^  laverof  jfiitJKlttmic  eelb*;  //,  layer  of  optje- nerve  flbrta*; 
•^rod:  fr.  cour;  c,  body  of  the  cone  ce}\\  d^  b«>(lv«if  the  t^kJ  iy*n-,  *•,  hi|H>lar  roti  evils;  /,  bipolar  cone 
eelU;  g^h^  t,j,  k,  g:anKUonki  cells  rajiilfrlnp;  in'thH  viirioud  sfratft  of  th*'  iiif4*rnrtl  rnnlecular  awint"; 
r, mffiior arBorisuiilon  i>f  the bipulnr  roii  c«-ll»,  ctinnectini^  with  the i^i)»rlionkc cells;  r,.  InfeHor ar- 
burUAtiuti  of  the  liiiKilar  cyne  o.*11m;  /,  ««ptthell/il  or  MUller  ct'lls;  x.  (Kiirit  of  cont«J"t  betwt*eii  Hie 
mjbftaAdl  thrtr  bipolar  eella;  x,  point  of  eon Uiet  bet w€^u  th»?  cotiea  and  th«ir  bipolar  eella;  ^^crotd" 
IUK&I  uerve - Qbre.     (CajtaL  ) 

J%e  Roth. — Each  rod  (fig.  417,  a)  is  made  up  of  two  parts,  very  diflfer- 
ent  in  structure,  cuUed  tlio  onter  ami  inner  linihs.  Tlio  onter  limb  of  tiie 
lods  ia  about  30/*  ^l^  inch  long  und  "l^i  broiid,  is  tranjsjjarent,  and  donbly 
refructive.  It  is  said  to  be  nnide  np  of  fine  siiporiaiposed  discs.  It  re- 
lembles  in  some  ways  the  myelin  sheath  of  i\  medu Hated  nerve.  It 
Bwella  up  on  exposure  to  light,  and  is  part  of  iho  layer  in  which  the 
piginent  called  visual  pnrph  is  found.  The  inner  limb  is  about  as 
long  but  slightly  broader  than  the  outer,  is  longitudinally  striated  at 
its  outer  and  granular  at  its  inner  part.  Each  rod  is  connected  by 
a  fine  bair-like  process  to  a  nerve-cell  in  the  external  granular  layer  be- 
low (rigs.  417,  ^/;417a,  3). 

The  C<meSr — Each  cono  (fig,  417,  c),  like  the  rods,  is  made  np  of  two 
imbs,  outer  and  inner.  The  outer  limb  is  tapering  and  not  cylindrical 
.ke  the  correaiionding  part  of  the  rod,  and  about  one-third  only  of  its 
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len^^Hh,  but  it  resenibleg  tliia  in  atnitrtiiro.     There  is,  however,  noviKiil 
piirjilc  found  in  the  cone.     The  inner  limb  of  the  cone  is  broader  in  the  ] 
centre;  each  rono  is  in  connection  by  its  internal  end  with  a  cone  fibre/ 
which  has  mnch  tho  aamo structure  aa  the  rod  fibre,  but  is  much  stouter. 
This  connects  wit!i  a  ncrve-cell  of  the  layer  below  (fig,  417a,  4), 

In  the  rod  and  cone  layer  of  birds,  tho  oouee  usoally  predomintti 
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Fiff.  417a.— 8cht*mn.11e  dlAjrrAm  of  thf^elt^niontary  utruettir©  of  the  rctfun.  jcr.  Rods  ftnd  ( 
§4?,  iiiembraim  UmllanA  I'Xtentii;  j/r,  external  (frnnuW;  f^  exlt-riml  inoW-ulnr  Ihtkt):  6e,  ta 
prranylar  Iftyer;  i.  inienml  iiio|i*oiilar  Jnywr;  m-r,  Uiukii)olarc('U  Uyi^r  ^^aiiji^ionk  opllci);  n/.  l 
fibre  lay#»r;  /i\  niemhraiin  Iliiiilt^nH  lolorna, 

1,  HiwU  2,  nMi  grtttiiilp;  8,  cftin*;  1^  cimo  p:mi>iiV;  1-1%  rod  vistial  cell:  3Mi%  om*  visual edrjj 
Cfntml  teriniimtion  of  the  vimial  celln  and  iit'rlph*>ral  terminal  ftrlwrfxatJon  of  th**  b*|>o]arc  " 
0,  6,  Iwo  bifKiliir  *.'H1«  for  rrwlH;  rt,  out*  Ihi'"'' ■  *■  ''  f'^r  rotip;  7,  7,  7,  7,  7.  7^  r''*'  '-»  -^i  ^"^^   '•'■ 
b}}K>lar  ceIN  wtlh  th<"  U^rniimil  nrbtriZAi'                        Hn  tho  various  livern 
luytr;  7',  tvTitral  prm'eKH  of  a  bipMlrtr«                        ^,  iiitiltT|)i*liir  eelU  wi  tl  i 

drlU% and  ceutnU  n«^uraxona;  0/11, D,  di  t *  ..ml  temiiiial  arlw^riiatlou ; ,  ,..    ..  ^„^, 

largely  in  number,  whereas  in  man  the  rods  are  by  far  the  more  mm^> 
ous,  except  in  the  fovea  centralis,  where  cones  only  are  present,  as  is  the 
CRi^e  at  tho  anterior  part  of  tlie  retina  near  tho  ora  serrata.  The  luini* 
her  of  cones  has  been  estimated  at  3,0(10,000.  In  nocturnal  birds,  how- 
ever, such  as  the  owl,  only  rods  are  present,  and  the  same  appears  to  be 
the  case  in  nmny  nocturnal  and  hnrrowing  nmiinimlia,  e.^.,  bat,  hedge- ^ 
hog,  mouse,  and  mole.     The  rods  are  absent  in  reptiles. 

External  LimUing  Meinhranc—K  delicate  membrane  lies  ban 
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ds  ant)  conca  siuA  separates  fclieni  from  the  layer  boneatli.     Tliia 

tliu  txientftf  HmihNf/  nfcmbninv  (lig.  417a,  h). 
Erternal  Orafiitfar  Lmjt't\ — Tlie  i-ella  of  tLo  extenuil  granular 
psrare  tlio  bipolar  or  vicinal  mUs  which  eoutaiii  the  pro  topi  asm  not  yet 
(tofi/ornjed  iuto  rods  and  rones  in  the  hi)er  above.  The  cells  whose 
iiesnre  contiuood  npwanl  m  cones  are  dilFurent  in  shape  from  those 
Ich  are  coimected  with  the  rodii.  Tlio  cells  of  tlio  conca  are  situ* 
I  close  to  the  external  limiting  meinhrane.  They  Jiave  a  large  ovoid 
lens.  From  the  inner  side  of  the  celMjodv  a  process  descends 
iril  the  external  niolecular  layer  where  it  ends*  in  a  slight  dilatation 
%.  4K).  On  its  onter  side  a  process  of  the  body  ascends  through 
the  external  litniting  membrane  and  swells  into  a  cone  (lig.  417,  r). 
The  bipolar  cells  giving  birth   to  the  rods  lie  at  deeper  levels  in  the 


Jia— The  postwlor  half  nf  the  rHina.  of  tlio  loft  eye,  riewpd  from  before;  «,  th«  cut 
the  flclepolic  e*iat :  rh.  llu'  olK^mtih  r,  thf  r»'tinrt;  In  the  inU'rior  at  the  middlo  the 
Ift  lutea  with  th*»  di'^ir»*HHii»n  of  thi'  fovt'a  i^iitralN  in  n^fJivHemtf^il  by  a  HU^ht  oval  Hhade; 
hd  Uw  loft  Kkle  the  iD^ht  <*iMjt  imlh'fitf^H  the  cMinkmlupi  nr  ('mlneiif'e  at  the  entranffl  of  the 
in*rve»  from  the  centric  of  which  the  nrterm  (^'ntrfthn  is  wen  Kpn^odin^  Iti^  bratit'h**«  itiio 
tCana,  leaving  the  part  occupied  hy  the  maeula  eoniparativt*ly  free.     (Aft-er  Henh\) 

inkr  layer.  They  contain  an  ovoid  nncleTis  of  a  smaller  vol ci mo  than 
te  of  the  cone  oells.  The  protoplasm  of  the  cell-body  gives  oft  two 
^,  one  ascending,  and  the  otlier  descending-  The  ascending  fihro 
3  np  throngh  the  lirnitiT)^'  nicnihrane  and  is  continned  as  a  ro«L  The 
lending  tihre  goes  into  tho  nioleenhir  layer  and  ends  liere   in  a  small 

fciVcrording  to  Cajul,  those  cells  of  the  vianal  layer  liavo  no  di- 
tomical  continnity  with  the  cells  of  the  hi  polar  layer  below, 
^       logie!  and  otiiers  have  denied  thi*^. 

L  T//e  exlerfifflmohruhrr  /r/z/rr  nr  external  plexiform  layer  (fig,  417^  C) 
lOposed  of  nnnierona  protoplasmic  processes  (dendrites)  wiiieh  come 
1  tho  cells  of  the  internal  granular  hiyer  helow  and  from  the  visual 
abov^e.  Some  Buhdivipions  of  tliis  layer  are  mjide,  there  being  an 
'  part  in  which  tho  rod  cells  meet  the  branching  fibres  of  the  bi- 
45 
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polar  layer,  and  a  slightly  deeper  layer  in  which   the  cone  cells  o 
ii\  contact  with  the  dendrites  of  the  bipolar  cells. 

4.  The  internal  granular  layer  (fig.  417,  U)  is  an  inner  subdivisior 
layer  of  bipolar  cells,  and  is  the  most  complicated  of  any  of  the  layerao 
retina.  It  is  made  up,  however,  mainly  of  bipolar  cells,  which  are 
form  in  shape,  vertical  in  arrangement,  and  liave  two  processes,  oi 
cending  and  the  other  descending.  The  descending  fibre  is  always^ 
and  ends  nt  different  levels  in  the  internal  molecular  or  plexiform  ] 
where  it  forms  flattened  and  brush-like  expansions.  The  ascei 
process  is  often  multiple,  and  it  ends  in  a  large  number  of  difl 
branches,  which  arrange  themselves  in  something  like  a  horizontal 
in  the  lower  part  of  the  external  molecular  layer. 


Fij?.  418a.— r('ri)endicular  section  of  t!»e  retina  of  a  mammal.  A,  External  graizisor  b 
Txxis;  /V,  lMKli«»8  of  cones:  a,  horizontal  external  or  small  cell:  6,  horizontal  internal  or  lai 
c,  horizontal  iiitemai  cell  with  <le«e«Mi(liii>j  protoplasmic  appendajjes;  e,  flattened arborizatio 
of  tlio  larjro  cells:  /.  q.  h,  L  /.  RponKioblasts  rannfyinj^  in  the  various  strata  of  the  intemalnM 
zone:  VI,  ?»,  diflfiisi*  H|x>nglobla.st8;  o,  ganglionic  cell;  1,  external  molecular  xone;  2,  internj 
cularzoue.     (,C'ajal.) 


]k»sid('s  tlicse  vertical  bipolar  cells  there  are  flattened  star-s! 
cells  lyiiii,^  just  beneath  tlio  external  molecular  layer,  sending  out  bra 
parallel  to  tlio  })eripliery  and  ending  in  numerous  ramifying  expai 
wliich  come  in  contact  with  the  diiTcrent  descending  branches  ( 
cone  colls.  Tlioir  general  arrangement  is  horizontal.  These  little 
appear  to  have  as  tlioir  function  the  connecting  of  the  visual  celh 
each  otlior  (fig.  41  Sa,  r,  Ij).  There  are  other  horizontal  cells,  largei 
these,  but  having  practically  the  same  shape  and  arrangement,  and 
somewhat  more  deeply  in  the  layer;  these  connect  the  processes  of  tl 
cells  with  each  other  and  have  thus  an  associative  function.  There 
addition,  in  this  layer,  a  scries  of  larger  colls,  called  by  Cajal  spomjio 
which  lie  deep  in  the  internal  granular  layer,  and  whose  branche 
a  horizontal  direction  and  ajipoar  lo  have  the  function  of  associati 
cells  of  the  ganglionic  layer  below  (see  fig.  41  Sa). 

5.   Ths  internal  nwlccidar   Jafjer   is  composed  of  a  plexus  of 


iaed  by  the  proceasoa  of  tbe  bipolar  cells  frotii  above  and  of  the  guD* 
mic  cells  below,  ant!  of  Jibres  from  tbe  epont^iobkatB. 
(J.  The  most  internal  of  the  nervous  lay  era  ia  a  layer  of  ganglionic 
i,  conaifiting  of  large  ninltipolar  nerve-cells,  with  large  round  nuclei, 
ome  parts  of  tbe  retina,  especially  near  the  macula  In  tea,  this  layer 
rj  thick  and  consists  of  several  distinct  strata  of  nerve-eeJls.  Tliese 
lie  iu  tbe  apaces  of  the  connective-tisaue  framework,  Tliey  are  ar- 
ed  with  tbeir  single  nenraxon  or  axis-cylinder  processes  directed  in- 
.  Tiiese  pass  into  and  are  eontinuons  with  tlio  layer  of  optic  fibres. 
rOBlly  the  cells  stvnd  up  nnmerona  brancbing  processes  or  detui  rites 
k  interlace  with  tfie  tibres  of  tlie  bipolar  cells  and  tbe  horizontal 
■tes  of  tbe  spongioblnsts. 

1!  the  elcnn-nts  of  tbe  retina  are  sustained  and  isolated  by  large 
lying  verticidly  wliich  are  known  as  tho  jlijr€.s  of  AfilJkr,  or  epi- 
il  retinal  cells.  Like  the  corresponding  cells  of  tlie  olfactory 
us  membrane,  these  lib  res  have  upon  their  sides  an  irdiJute  number 
cets  which  servo  as  rectptut-Ies  to  the  nerve-corpiiseh-g  and  librea 
le  retina.  Tlie  nucleus  of  tbe  fibre  of  Miiller  is  found  at  the 
of  the  internal  granular  layer,  and  tbe  two  extremities  of  the  proto- 
I  or  cell-body  are  etmdensed  in  two  iiomogeneona  layers^  known  as 
tieru4il  ami  ittternal  hmiling  Ifujev.  The  external  limiting  layer  is 
ti,  as  already  described,  just  between  the  layer  of  rods  and  cones 
Ihat  of  tbe  visual  cells.  The  other  is  situated  upon  the  internal 
CO  of  the  retina.  The  fil>res  of  Midler  are  completely  independent 
cb  other,  having  between  themselves  and  the  nerve  elements  only 
elation  of  contact.  It  ia  believed  that  tlieir  function  is  that  of 
>rting  tbe  nerve- tissues  and  also  isolnting  tbem. 
t  will  bo  seen  now  that  the  retifia  is  cornjiosed  essentially  of  three 
I  of  vertical  cells,  whose  processes  have  a  vertical  direction,  and 
b  are  en  n  nee  ted  with  each  other  by  contact  of  these  processes;  that 
I  are  also  two  other  sets  of  cells  wbicb  forn\  horizontal  layers  of 
^processes,  these  being  in  the  inner  and  outer  parts  of  the  internal 
liar  layer.  There  are,  therefore,  strictly  speaking,  five  layers  of 
j-cells,  three  vertical  and  two  horizontal.  Two  other  layers  are 
Mip  by  Urn  nuidiUciation  of  the  protoplasm  of  tbe  fibres  of  Muller 
ire  purely  mecbanical  in  function.  They  are  the  external  and  in- 
J  limiting  layers. 

^iffwenf-rfn  htf/er\  wbicb  was  formerly  considered  part  of  tbe  choroid, 
sts  of  cells  winch  cover  lual  entirely  surround  ibe  outer  limbs  of  the 
and  cones. 

'he  further  subdivisions  of  tbe  retina  are  more  for  purposes  of  fine 
}my  than  of  functional  importance. 

'fermees  in  Strndtire  nf  Different  P^rA?,— Toward  the  centre  of  the 
da  Juteaall  the  layers  of  tbe  retina  become  greatly  thinned  out  and 
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almost  disappear,  except  the  rod  and  cone  layer,  which  considerably  in- 
creases in  thickness  hut  at  the  fovea  centralis  comes  to  consist  almost 
entirely  of  long  slender  cones  and  cone-fibres,  which  curve  toward  tbe 
periphery.  They  are  supported  by  neuroglia,  which  is  also  found  inter- 
nally as  a  thin  layer,  the  rods  being  absent.  There  are  capillaries  here, 
but  none  of  the  larger  branches  of  the  retinal  arteries. 

Toward  the  edge  of  the  macula  lutea,  not  only  are  all  the  layers 
present,  but  the  ganglionic  layer  coiisists  of  many  strata  of  cells  (7  or  8), 
and  with  this  increase  there  is  also  an  increase  in  the  thickness  of  the 
inner  granular  layer.  The  cells  are  generally  bipolar.  Toward  the 
centre  the  layers  diminish  in  this  order:  optic  nerve-fibres,  ganglionic 
layer,  inner  molcculnr  layer,  and  inner  granular  layer.  The  rods  grow 
scanty  and  then  nru  absent. 

At  the  ora  serrata  the  layers  are  not  perfect  and  disappear  in  this 
order:  nerve-fibres  and  ganglion  cells,  then  the  rods,  leaving  only  tW 
inner  limbs  of  the  conos,  these  cease,  then  the  inner  molecular  layer. 
The  Miillerian  fibres  persist. 

At  the  pars-ciliaris  retinje,  the  retina  is  represented  by  a  layer  d 
columnar  cells,  derived  from  the  fusion  of  the  nuclear  layers.  The  cdb 
are  covered  by  the  membrana  limitans  interna,  and  externally  are  jji 
contact  with  the  pigment  layers  of  the  retina,  which  is  continued  over 
the  ciliary  processes. 

The  chambers  of  the  eye. — The  anterior  chamber  is  the  space  behind 
the  cornea  and  in  front  of  the  lens.  It  is  filled  with  aqueous  hnmor, 
which  is  essentially  a  diluted  lymph  with  a  small  amount  of  proteid  in 
it,  viz.,  of  fibrinogen,  serum-globulin,  and  septum-albumin.  It  is  seldom 
spontaneously  coaguhible.  It  contains  salts,  chiefly  sodium  chloride, 
sometimes  a  substance  which  reduces  copper  sulphate,  but  is  not  sugar, 
and  a  trace  of  urea  and  sarcolactic  acid.  There  are  no  formed  elements 
in  the  fluid.  It  is  stated  that  the  aqueous  humor  is  secreted  by  glandi 
in  the  ciliary  region,  but  the  cavity  is  itself  obviously  a  lymph  sac. 

Tho  posterior  chamber,  or  that  behind  the  lens,  contains  the  ritrttmi 
humor y  whicli  is  a  semifluid  substance  contained  in  the  meshes  of  an 
indistinct  connective  tissue.  It  is  inclosed  in  a  distinct  membrane 
called  membrana  hyaloidea^  from  the  anterior  surface  of  this  membrane 
at  the  ora  serrata  fibres  pass  off  to  the  back  of  the  lens  capsule,  forming 
an  incomplete  canal,  called  the  Canal  of  Petit,  the  membrane  itself  beings 
the  Zonule  of  Zinn.  The  hyaloid  membrane  separates  the  vitreous  from 
the  retina. 

Blood-yessels  of  the  Eyeball. — The  eye  is  very  richly  supplied 
with  blood-vessels.  In  addition  to  the  conjunctival  vessels  which  art 
derived  from  the  palpebral  and  lachrymal  arteries,  there  are  at  least  tfO 
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distinct  sets  of  vessels  supplying  the  tunics  of  the  eyeball.  (1)  Tlie 
5  of  the  sderotic,  choroitj,  and  iris,  aod  (2)  the  vessels  of  the  retina* 
:. )  These  are  the  short  and  long  jHtdtrior  ciliury  arteries  wliieh  pierce 
dicrotic  in  tlio  iiosteriur  liiilf  of  tho  eyobull,  and  tJie  aitivrior  eiliary 
1  enter  near  the  insertions  of  tlie  ret^ti.  These  vessels  anastomose 
orm  a  very  rieli  choroidal  plexus;  they  also  supply  the  iris  and 


I, — Si'Ctifin  through  tin*  iiimnilii  Inti'ik  (iisil    foVfU  ivnLrftlis  uf  Imriuiu  retina,     o,  fovt-a;    b^ 
t  i>f  Llie  mmriilii  towaril  fuvea.    The  □uojIx.ts  iodkuiU.'!  Ihii  layers  uf  ihv  retina.     (KulmU) 

f  processes,  forming  a  very  highly  vascular  circle  round  the  outer 
n  of  the  iris  aiul  adjoining  portion  of  the  sclerotic. 
le  distinctness  of  these  vessels  from  those  of  the  eonjunutiva  is 
een  in  the  difference  hetween  the  bright  red  of  blood-shot  eyes 
iiictival  congestion),  and  the  pink  zone  snrrounding  the  cornea 
;  indicates  deep  seated  ciliary  congestion. 

.)  The  rt'iinai  vea.'^eh  (fig,  418)  are  derived  from  the  (triiTm  cvn- 
rdinw^   wliieh   enters  the  eyeball  along  the  centre  of  the  optic 
They  ramify  all  ovt^r  the  retina,   ch icily  in   its  inner  hiyers. 
can  be  seen  by  direct  ophthalmoscopic  examination. 


"  The  Optical  Apparatus. 

le  optical  appjiratiis  may  be  supposed,  for  the  sake  of  description, 
isist  of  several  parts.  First Itf,  of  a  system  of  transparent  refract- 
irfaces  and  media  by  means  of  which  images  of  external  objects  are 
ht  to  a  foi^ns  ni>on  the  back  of  tlie  eye;  and  MTOddh/,  of  a  sensitive 
,  the  retina,  which  is  a  specialized  termination  of  the  optic  ner^e, 
le  of  being  stinudatcd  by  ImniDotis  objects,  and  of  sending  throngh 
[itic  nerve,  snch  an  imi»rcssion  as  to  produce  in  the  brain  visnal 
loijs.  To  these  main  parts  may  Ik'  added,  tkinllfj^  an  apparatus 
mussing  objects  at  dilfcrent  distances  from  the  eye,  called  mrommo- 
,  '  Even  this  does  not  complete  the  description  of  the  whole  organ 
ion,  since  both  eyes  are  nsnally  employed  in  vision,  im\\  fan rthhj, 
•angemcnt  exists  by  means  of  which  the  eyes  mwy  be  trrnctl  in 
me  direction  by  a  system  of  muscles,  so  that  binocular  vision  is 
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The  arrangement  of  the  optic  nerve-fibres,  and  of  the  continuatia 
of  these  backward  in  the  optic  chiasma,  and  thence  to  special  districts ot 
the  brain,  have  already  been  discussed. 

The  eye  may  be  compared  to  a  photographic  camera^  and  the  tnua-j 
parent  media  corresponds  to  the  photographic  lens.  In  such  a  camerti 
images  of  external  objects  are  thrown  upon  a  ground-glass  screen  at  tto 
back  of  a  box,  the  interior  of  which  is  painted  black.  In  the  eye,  the 
camera  proper  is  represented  by  the  eyeball  with  its  choroidal  pigment, 
the  screen  by  the  retina,  and  the  lens  by  the  refracting  media.  In  the 
case  of  the  camera,  the  screen  is  enabled  to  receive  clear  images  of  object! 
at  different  distances,  by  an  apparatus  for  focussing.  The  correspondinj 
contrivance  in  the  eye  is  the  accommodation. 

The  iris,  which  is  capable  of  allowing  more  or  less  light  to  passinU 
the  eye,  corresponds  with  the  different  sized  diaphragms  used  in  thi 
protographic  apparatus. 

Refractive  ntedia  and  surfaces, — At  first  sight  it  would  seem  as  if  th 
refracting  apparatus  of  the  eye  were  very  complicated,  seeing  that  il 
consists  of  so  many  parts.  These  jiarts  are:  the  anterior  surface  of  thi 
cornea  itself,  the  i)08terior  surface  of  the  cornea,  the  aqueous  humor, 
the  anterior  surface  of  the  lens,  the  substance  of  the  lens  itself  (which  ii 
also  unequally  refractive),  the  posterior  surface  of  the  lens,  and  the  vit- 
reous humor.  Thus  there  arc  four  surfaces,  and  at  least  including  ih« 
air,  five  media.  For  all  practical  purposes,  however,  these  may  bo  re- 
solved into  a  somewhat  simpler  form,  and  the  cornea  may  be  considered 
as  one  surface,  the  anterior,  and  one  medium;  the  aqueous  and  vitm)ns 
humors  as  one  medium;  tlie  lens,  jus  two  surfaces  and  one  medium.  It 
will  be  as  well  to  consider  the  laws  which  govern  the  refraction  of  light 
under  such  circumstances. 

In  its  simplest  form,  we  may  consider  the  refraction  through  a  simpk 
transparent  spherical  surface,  sejiarating  two  media  of  different  density. 

The  rays  of  light  which  fall  upon  the  surface  exactly  ]>erpendicularlf: 
do  not  suffer  refraction,  but  piiss  through,  cutting  the  optic  axis  (0 A, 
iig.  420),  a  line  which  passes  exactly  through  the  centre  of  the  surface, 
at  a  certain  jioint,  the  7ioflal  jwint  (fig.  420,  N),  or  centre  of  curvature^: 
Any  rays  which  do  not  so  strike  the  curved  surface  are  refracted  toward; 
the  optical  axis.  Kays  which  impinge  upon  the  spherical  surface  paral- 
lel to  the  optical  axis,  will  meet  at  a  point  behind,  upon  the  said  axil 
which  is  called  the  chief  poster  inr  focus  (fig.  420,  FJ;  and  again  thert 
is  a  point  in  the  optical  axis  in  front  of  the  surface,  rays  of  light  fron 
which  so  strike  the  surface  that  they  are  refracted  in  a  line  pandlel  witk 
the  axis  df-^  such  a  point  {?i^.  420,  FJ  is  called  the  chief  rnvten/H 
focus.  The  optic  axis  cuts  the  surface  at  what  is  called  i\\Q  primfi 
point. 
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It  ia  quite  obnous  that  the  eje,  even  in  the  simplified  form  libove 
idicated,  18  a  much  more  complicsitod  optical  apparatus  than  the  one 
described  in  the  figure.     It  is,  however,  possible  to  reduee  the  refractive 


-r 


JHg:  480.— DtAi^ram  of  a  simple  cmtfcal  %y^\*n\  inXtv-t  M.  Ftisleri.     The  lurvwl:  siirfftce,  b.  dt, 
weed  to  tepor&te  a  Ivbs  reJE^rBctlve  mecfluxti  toward  Lhe  left  from  a  mott!!  rcfracti¥t»  ni^jum 
the  right. 

nrfaces  and  media  to  a  simpler  form  when  the  refractive  indices  of  the 
iflferent  media  and  the  curvature  of  eaeli  surface  are  known.  All  of 
data  have  been  very  carefully  collected.     They  are  as  follows;— 

Index  of  refraction  of  acjoeous  nud    vitreoun  ~  1.3365 

k-ns       .         .         .         .  =  1.4371 

Radius  of  curvature  of  corn  HI  .  =  7.824*  mm. 

*^  aiittTitirHurface  of  leus  =  10  " 

posterior  "  =  6  •* 

Distain"(?  from  anterior  surffit'i*  of  cornea  and 

antt*rior  stirfur**  of  lenn        .         .         .         .  =  3.6        " 
D  i  Rta II  (V  f roi  ri  j  k  i.Hte  r  j u  r  s  u r  face  of  ci>r nea  an d 

jjofifcerior  Kiirface  uf  1«'1jh        .         .         ,         ,  =  7. 3        " 

^With  these  data,  it  h;Ls  lieeii  foiHjd  ctunparatively  easy  to  reduce  by 
ilation  the  difTcrent  surfaces  of  dilTerent  curvatures,  into  one  mean 
irved  surface  of  known  curvature,  and  the  differently  refracting  media 
nto  one  mean  inedhim  the  refractive  power  of  wliicli  is  known. 

The  simphi'st  so-called  schematic  eye   formed   upon  this   principle, 
Btod  by  Listing  as  the  redueed  eye^  has  the  following  dimensious: — 

From  anterior  Hurfarc  of  cornea  to  tVie  princi- 
pal fwiint                   =  2.3448  mm. 

From  ttie  nodal  \^ni\%  to  the  posterior  surface 

of  lens               .         ...         .         ,         .  =  .4764  •* 

Posterior  chief  ((k^us  lies  lM?hind  cornea  >         .  =  22,8237  " 

Anterior  chief  fLw^as  in  front  of  curuea    .         .  —  13,8326  ** 

Bad iua  of  curvature  of  ideal  surface         ,  =  5.1348  ** 

In  this  reduced  or  simplified  eye  the  principid  posterior  focus,  about 

mro.  t>ehind  the  spherical  surface,  would  correspcuid  to  the  position 

the  retina  behind  anterior  surface  of  cornea.     Tlie  refracting  surface 

uld  be  situated  about  midway  between  the  posterior  surface  of  the 

pnea  and  the  anterior  surface  of  the  lens. 

The  optical  axis  of  the  eye  is  a  line  drawn  through  the  centrea  of 
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curvature  of  the  cornea  and  lens,  prolonged  backward  to  toucb  the rel 
between  the  porus  opticus  and  fovea  centralis,  and  this  differs  from 
visual  axis  which  passes  through  the  nodal  point  of  the  reduced  ey 


Fig.  421.— Diagram  of  the  optical  angle. 

the  fovea  centralis;  this  forms  an  angle  of  5°  with  the  optical 
By  some  the  optical  axis  and  the  visual  axis  are  considered  to  be 
tical.     The  visual  or  optical  angle  is  included  between  the  lines 
from  the  borders  of  any  object  to  the  nodal  point;  if  the  lines  b 


Fig.  4;n  A.— Diagram  of  the  method  of  th«^  formation  of  an  inverted  image  ezacUy 
uiH>u  Uie  naiua.     Tlio  tlottcil  line  is  the  ideal  surface?  of  cunrature. 

longed  backward  they  include  an  equal  angle.  It  has  been  she 
llelmholtz  that  the  smallest  angular  distance  between  two  points 
can  be  appreciated  =  50  seconds,  tlie  size  of  the  retinal  image 
3.()5/x;  this  practically  corresi)oiuls  to  the  diameter  of  the  cones  i 


Fig.  422.— Diagram  of  the  course  of  a  ray  of  light,  to  show  how  a  blurred  or  indistlw 
is  formed  if  the  objei^t  he  not  exactly  ft^Missed  ui)on  retina.  The  stirfaoe  C  C  should 
jHJsed  to  represent  the  ideal  curvature.  The  nodal  iwint  should  be  nearer  the  posterior 
of  lens  as  in  tig.  421  ▲. 

fovea  centralis  which  =  3/ji,  the  distance  between  the  centres  of  t 
jacent  cones  being  =  4/i. 

The  image  of  an  object,  then,  is  thus  formed  upon  the  retins 
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bject  may  be  considered  as  a  series  of  pointe,  from  each  of  which  a 
feneil  of  light  diverges  to  the  eye,  and  this  pencil  has  for  its  centre  or 
faKis,  a  ray  which  impinging  upon  the  refractive  aurface  perpendicularly 
ID  the  surface  m  not  refracted,  but  passes  through  the  nodal  point,  and 
B  prolonged  baekward  to  the  retina,  whereas  the  diverging  rays  are  also 
teade  to  converge  to  a  principal  posterior  focus  behind  the  lens,  or  the 
^hief  axis  of  the  pencil  of  light  proceeding  from  the  point  in  question, 
ad  this  focus,  if  the  image  is  to  be  clear,  should  fall  on  the  retina. 

Thus  from  each  point  of  an  object  a  corresponding  image  is  formed 

on  the  retina,  so  that  an  image  of  the  distal  object  is  produced.     It  is 

i  inverted  image.     Whether  t!ve  image  is  bhirred  or  not  depends  upon 

^refractive  power  of  the  media,  and  upon  the  distance  of  the  anterior 

ce  of  tlxe  cornea  from  the  retina.     If  the  refractive  meilia  are  too 

owerful,  or  the  eye  too  long,  the  image  is  formed  in  front  of  the  retina 

ffig.  422);  if  the  reverse,  the  image  is  formed  Ixdiincl  the  retina,  and  in 

oth  cases  an  indistinct  and  blurred  image  is  the  result. 


Accommodation. 

The  distinctness  of  the  image  formed  upon  the  retina,  is  mainly  de- 

iendent  on  the  rays  emitted  by  each  luminous  point  of  the  oliject  being 

mnght  to  a  perfect  focus  upon  the  retina.     If  this  focus  occur  at  a 

Diiit  either  in  front  of,  or  behind  the  retina,  indistinctness  of  vision 

bsues,  in  the  way  we  have  already  descril}€d,  with  the  production  of  a 

alo.     The  focal  didanee^  i.e.,  the  distance  from  a  lens  of  the  point  at 

rhich  the  luminous  rays  are  collected,  besides  being  regulated  by  the 

egree  of  convexity  and  density  of  the  lens,  varies  with  the  distance  of 

^e  object  from  the  lens,  being  greater  as  this  is  shorter,  and  vice  ttetifd, 

lence,  since  objects  placed  at  various  distances  from  the  eye  can  within 

I  certain  range,  dilTercnt  in  different  persons,  be  seen  with  almost  equal 

listinctne^s,  there  must  be  some  provision  by  which  the  eye  is  enabled  to 

Idapt  itself,  so  that  whatever  length  the  focal  distance  may  be,  the  focal 

[K>iut  tnay  always  fall  exactly  upon  the  retina. 

I     This  power  of  uecommodation,  or  tlie  adapiaHon  of  ike  eye  to  vision 

i  fiiffcreut  dimiani'm^  has  received  the  most  varied  explanations.     It  is 

wious  that  the  effect  might  be  produced  in  either  of  two  ways,  viz.,  {a) 

)r  altering  the  couvexity,  and  thus  the  refracting  power,  either  of  the 

roea  or  of  tlu>  lens;  or  {b)  by  changing  the  position  either  of  the 

tina  or  of  the  lens,  so  that  whether  the  object  be  near  or  distant,  the 

k*al  points  to  which  the  rays  are  converged  by  the  lena  may  always  fall 

fcdctly  on   the  retina.     The  amount  of  either  of  these  changes,  which 

fcijjd  be  rcffuired  in  even  the  widest  range  of  vision,  would  be  extremely 

liill.      For,  from  the  refractive  powers  of  the  media  of  the  eye>  the  dif- 
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ference  between  the  focal  distances  of  the  images  of  an  object  at  a  U 
and  of  one  at  the  diBtance  of  four  inches,  is  only  al>out  0.143  of  tt 
(3.5  mm.).  On  this  calculation  the  change  in  the  distance  of  the 
from  the  lens  required  for  vision  at  all  distances,  supposing  the 
and  lens  to  remain  the  same,  would  not  be  more  than  about  oae  1 
The  adaptation  of  tlie  eye  for  objects  at  different  distance 
niarilj  due  to  a  Viuying  shape  of  the  lens,  it-s  front  surface  be 
more  or  less  convex,  according  as  the  distance  of  the  object  look 
near  or  far.  The  nearer  tho  object,  the  more  convex,  np  to  a 
limit,  ilic  front  surface  of  the  lens,  and  vire  versd;  the  back  surf 
ing  little  or  no  share  iu  the  production  of  the  effect  required.  1 
surface,  which  during  rest  is  more  convex  than  the  anterior, 
the  less  convex  of  the  two  during  accommodation*  The  foUowinj 
experiment  illustrates  this  point;  If  a  lighted  candle  be  held  a 
one  side  of  a  jiersou's  eye,  an  observer  looking  at  the  eye  from  tl 
side  sees  three  distinct  images  of  the  tlame  (fig.  423).  The  t 
brightest  is  (1)  a  small  erect  image  formed  by  the  anterior  convex 
of  the  cornea;  the  second  {"l)  is  also  erect,  but  larger  and  less  distil 
the  preceding,  and  is  formed  at  the  anterior  convex  surface  of  t 
the  third  (3)  is  smaller,  inverted,  and  indistinct;  it  is  formed 
posterior  surface  of  the  lens,  which  is  concave  forward,  and  th 
like  all  concave  mirrors,  gives  an  inverted  image.  If  now  the  ey 
observation  be  made  to  look  at  a  near  object,  the  second  image  1 
flmaller,  clearer,  and  ap[iroaches  the  first.  If  the  eye  he  now  a 
for  a  far  point,  the  second  image  enlarges  again,  becomes  leas  d 
and  recedes  from  the  first.     In  both  eaaea  alike  the  first  and  thirf 


W^,  459).— DlaKTam  showlnif  throe  n-flrtt kni!*  i>f  ii  mu«Ue.     K  Prom  the  J 

ooroe*;  **  fr*iiii  thn  antt^rlor  Kurfatt*  of  ItHis ;  \  fn*m  the  posterior  surfkcc  of  letUL  Fi 
«^plfttkatiori.  H<?e  r**xt.  Tin*  cxpt^rUiiont  Is  l>*?«t  fi**rforuM»d  by  employlnic  Jin  iDStrumeDl 
by  Helniboltz;,  tormpd  a  Phnko»copt> 


tlOT? 


remain  unaltered  in  size,  diatiiictness,  and  relative  positic 
proves  that  during  accommodation  for  near  objects  the  curvature 
cornea,  and  of  the  pmkrinr  of  the  lens,  remains  unaltered,  wl 
anterior  surface  of  the  lens  becomes  more  convex  and  approac 


cornea. 
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The  experiment  (fig.  423  a)  is  more  striking  when  two  candles  are 
aed,  and  tlie  images  of  the  two  candles  from  the  front  surface  of  the 
BOS  during  aci^omniodation  not  only  approach  those  from  tlie  cornea, 


I 
1 


'"N-., 


"^ 


B 

i  A-— Diajiratn  r*f  S^n-^orr  s  {ma^ea^    A,  when  the  eyes,  are  not,  and  B.  wh«*n  th^y  ure 
I  for  near  uI-j^n  t-      1 1,,   r  -   to  the  right  m  A  and  B  Is  the  iovertwl  imaRR  from  the  pt*»- 
j  of  tho  leii> 
__^  -PhftkuwcojjH'  i)(  lit  liiiholti.    At  B  B"  are  two  pfiMtn^,  by  which  the  llj^ht  i>r  a  cfl.ndlw 

eDDoeatratod  on  the  eye  t>f  the  fterson  experimented  with  at  a  Am  thf*  n(>ertiirt_^  for  thfl 
I  of  the  ob«enf«r  TTi^  f>b«*?rTer  notice*  three  double  imaf;««i,  as  In  fljr.  42?!,  reilecunl  from  th« 
'  ^^-^^r  v^Tnmfnation  when  the  eye  L»  flxe<1  upon  a  distant  object:  the  position  of  the  imiiBr*»t« 
notSeetl,  the  ey*'  i«  then  nimle  to  ffHiiij*  a  near  object*  «uch  am  a  reed  pushed  tip  by 
s  tvfim  Lhf*  nntf-rior  HMrfaft*  uT  the  h^ns  will  be  observed  to  move  toward  wieh  other, 
L.-.ur- .,.,.  ijce  of  thtj  leoii  becfimiog  more  convex. 

it  also  approach  one  another,  and  become  somewhat  smaller,     (t^an- 

Mechnnimn  of  (uannmrnfaiion. --T\iG  lens  having  no  inherent  power 
contmction,  its  change?*  of  outlines  must  be  produced  by  some  power 
MB  without;  this  power  is  supplied  by  the  ciliary  muscle.  It  U  some- 
1368  termed  tlio  fettmr  vhoroidrw.  Its  action  is  to  draw  forward  the 
Dfoid,  and  by  so  doing  to  slacken  the  tension  of  the  suspensory  liga- 
ini  of  the  lens  which  arises  from  it.  The  anterior  surface  of  the  lens 
lept  flattened  by  the  action  of  this  ligament.  The  ciliary  muscle 
ring  accommodation  by  diminishing  its  tension,  diminishes  to  a  pro- 
rtional  degree  the  flattening  of  which  it  is  the  cause.  On  diminution 
oeflsation  of  the  action  of  the  ciliary  mnscle,  the  lens  returns  to  its 
mer  shape,  by  virtue  of  the  elasticity  of  the  suspensory  ligament 
r.  425).  From  this  it  will  appear  that  the  eye  is  usually  focussed 
distant  objects.  In  viewing  uear  objects  the  pupil  contracts,  the 
losite  effect  taking  place  on  withdrawal  of  the  attention  from  near 
ecte,  and  fixing  it  on  those  distant. 
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Range  of  Distinct  Visian,  Near-point.  — In  every  eye  there  is  ilioif 
to  the  power  of  accoriiinodatioia.  If  a  book  be  brought  nearer  ii 
nearer  to  the  eye,  the  type  «t  liist  becomes  inflistinct,  aod  caimot 
brought  into  focus  by  any  ctTort  of  iu-'commodation,  however  slTfli 
This,  which  is  termed  the  nmr-point^  can  be  determined  by  the  (cU 


coQimodaliou  for  nvar  objt^'iH.     (E.  LaudolL) 

ing  experiment  {Schviuer).  Two  small  holes  are  pricked  in  it  card 
a  pin  not  more  than  u.  twelfth  of  an  inch  (2  mm,)  apart,  at  anj 
their  distance  from  each  other  must  not  exceed  the  diameter  of  tb 
pil.  The  curd  is  ht^ld  close  in  front  of  the  eye,  and  a  small  I 
viewed  through  the  piu-holea.  At  a  moderate  distance  it  can  bo  ot 
focusaed,  but  when  brought  nearer,  beyond  a  certain  point,  the  \ 
appears  double  or  at  any  rate  bkirred.  Ill  is  point  where  the  ] 
ceasee  to  ap^Knir  siugle  is  the  ncHF-point.  Its  distance  from  thoe] 
of  course  be  readily  measured.  It  is  usually  about  5  or  6  ineU 
cm. )»     In  the  accompanying  ligurc  (fig.  4*26)  the  lens  &  represent 


Fig.  490.— Dia^pram  of  experiment  to  afloertatu  tiie  minimum  diHta&cv  of  diBtiact 

eye;  efih^  two  pin-holes  in  the  card,  nn  the  retina;  a  repreitentsl 
sit  ion  of  the  needle.  When  the  needle  is  at  a  moderate  di.*ftand 
two  pencils  of  light  coming  from  e  and  /,  are  focussed  at  a  single  pi 
the  retina  nn.  If  tlit'  needle  be  brought  nearer  than  the  near-poid 
Strongest  effort  of  accommodation  is  not  suflQcient  to  focus  the  t« 
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^  meet  at  a  point  bebitu]  the  retina.  The  effect  is  the  same 
»  retina  were  shifted  fur  ward  to  fmn,  Twu  iniagea  h.ff.  arc 
one  from  each  hole.  It  is.  interesting  to  note  that  when  twu 
j*e  produced,  the  lower  one  ^  really  iippears  in  the  position  i/, 
e  upper  one  appears  in  the  position  e.  This  may  he  readily 
Ijr  covering  the  holes  in  sueeession, 

Ig  acconrnioihition  two  otlier  changes  take  place  in  the  eyes, 
f^es  vonrerge  by  the  action  of  the  extra-ocnhir  rnuseles  chielly 
tornal  and  inferior  recti,  or  internal  and  snperior  recti.  The 
obliqne  and  the  inferior  oblic|ue  may  also  be  used  to  tnm  the 
rd  or  downward, 

lents  of  the  Eye. — Tlic  e ypliall  pnsvsesses  movement  around  thnM.^  axes 
in    fig.  4t27.   viz..  m\  uHler<i-|Misteriur,  a   vertical,  nud  a  tran8versL\ 
trough  a  ceotre  uf  rotation  u  litlic  hnhind  tlu'  centre  uf  the  optic  axis. 
ments  an?  accomplished  by  pair^  of  nuiflcleB. 


trectioo  of  Movement. 


id  upward   , 
id  downward    . 
md  upward 
Utd  dowDward 


By  what  muscles  accompli  shed. 
Internal  rectus, 

Extenial  t*H*tns. 
\  Sui>ei  ior  roetus, 
{  Inferior  oblique. 
]  Inferior  reetnn, 
i  HiiiieriuT  obliijuc^. 
\  Internal  ami  siij>prior  rectus. 
}  liiffrior  oblicjUf*. 
\  InterDal  and  iuferior  rectus, 
)  ^u\\^v'm*v  otklique. 
\  Kxt**rnril  and  Hn|Xirior  rectus, 
i  InferitjT  obliqye. 
j  External  and  inferior  rectus. 
\  SniH^rior  4>ldiqye. 


Ihe  second  change  which  takes  place  in  the  eyea  is,  that  (he 
\tracL  The  contraction  of  all  of  the  muscles  whicii  have  to  do 
omniodatioii,  viz.,  of  the  ciliary  nnisele,  of  the  recti  muscles, 

Je  sphincter  pupillw  is  nnder  the  control  of  the  third  nerve, 
iperior  oblique  may  also  he  employed,  in  which  cfise  the  fonrth 
Q&o  concerned. 

fdimi  of  the  pupil  may  also  occur  nnder  the  following  circum- 
il)  On  exposure  of  the  eye  to  a  hright  light;  (2)  on  the  local 
l>n  of  eserine  {active  principle  of  Cakhur  hcan);  (;j)  on  the 
lation  internally  of  opium,  aconite,  and  in  the  early  stages  of 
m  and  alcohol  poisoning;  (4)  on  division  of  the  cervical 
itic  or  stimulation  of  the  third  nerve,  and  diUttittitm  of  the  pupil 
)  in  a  dim  light;  (2)  when  the  eye  is  focussed  for  distant  ob- 
)  on  the  loeal  application  of  atropine  and  its  allied  alkaloids j 
be  internal  ml  ministration  rif  atropine  and  it?j  allies;  (5)  in 
stages  of  poii!«oning  by  chloroform,  opium,  and  other  drngs; 
wralysia  of  the  third  nerve;  (?)  on  stimulation  of  the  cervical 
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sympathetic,  or  of  its  centre  in  the  floor  of  the  front  of  the  aqueduct  of 
Sylvius,  The  contnit-tion  of  the  pupil  appears  to  be  uncler  the  mm\ 
of  a  centre  in  the  bulb  or  iu  th6  corpora  qiiadrigemina,  and  this  u 
reflexly  stiranlated  by  a  bright  light,  and  the  dilatation  when  tliettflrt 
centre  iti  not  in  action  is  due  to  the  more  powerful  sympathetic  action; 
but  iu  addition^  it  appears  that  both  eontractiou  and  dilatatiou  uiaj  be 


Fl^.  4IK',— Diagram  of  the  Axva  of  rotation  to  th«  ©y».    Tin?  thin  Uiha  faiUottte  CSM  of  nrtiW*! 
the  thick  the  p4:»1tilon  of  muscular  nttachui«*tit. 

produced  by  a  local  mechanism,  upon  which  certain  drugs  cun  act.  w 
is  independent  of  and  prolmldy  often  antagoniatie  to  the  action 
central  apparatus  of  the  third  and  sjmpathetit!  nerve.     Thenctiou 
fifth  nerve  upon  the  pupil  is  not  well  understood^  but  its  apporeat  eflet^ 
in  producing  dilatation    is  due  to    tlio  mixture  ut  sympathetic  tiki^ 
with  ita  nasal  branch.     The  sympathetic  influence  upon  the  nultutui 
fibres  is  believed  to  be  conveyed  not  by  the  long  ciliary  bnmcbed  of  tiiJ 
nerve,  hot  by  the  short  ciliary  branches  from  the  ophthalmic  ganjrlioi 
The  close  sympatliy  subsisting  between  the  two  eyes  is  nowhere  lietti 
shown  than  by  the  condition  of  the  pupil     If  one  eye  be  shaded  by  ti 
hand  its  pupil  will  of  i?ourse  dilate;  but  the  pupil  of  the  olher  eyeir 
also  dilate,  though  it  is  unshaded. 

Defe«;ts  in  the  Oin'icAL  Apparatus. 

Defects  in  the  Refracting  Media. — Under  this  head  we  may 
eider  the  defects  known  as  (I)   Myopia,  (2)  Hypermetropia,   (3)  Asti 
matism^  (4)  Spherical  Aberration,  (5)  Chromatic  Aberratiou* 
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normal  (eraine tropic)  vya  is  so  adjusted  that  parallel  raya  are 
exacily  to  a  focus  ou  the  retina  without  auy  effort  of  aecommo- 
pL,  fig,  428).  Hence  all  objects  except  near  ones  (practically  all 
more  than  twenty  feet  off)  are  seen  without  any  effort  of  accom- 
tn ;  in  other  words,  the  far-point  of  the  normal  eye  is  at  an  infinite 
1^  In  viewing  near  objects  we  are  conscious  of  the  effort  (the  con- 
[of  the  ciliary  muscle)  by  which  the  anterior  surfapcof  thelens  is 
I  more  convex,  and  rays  which  would  otherwise  Ije  focussed  behiiul 
aaare  converged  upon  the  retina  (see  dotted  lines  2,  fig,  428). 


Il— DiA^rram  Hhowlug -1,  nnrmnl  ri^tiiini=!tmpif>  «*y^  hrJn^ing  ptxroUel  rays  ftxactlj-  t^i 
:ltu;  nKina;  tj,  ririrrnal  t^ye  a«iaiit*''fl  t<»  a  ^^^*ux  iHiint ;  without  areommsniatioD  thi3  rays 
lciJS8e<l  tM'lilnd  thi"  rtHina,  hut  l>y  iDcri'awins;  llje  furvatuiv  of  thf  anit<L-rinr  surfaJL'e  of 
lowB  by  sl  4<»tt+»(l  lin<M  the  mys  ar**  fm'iJt««(3cl  on  the  r*"tina  fas  imlicaUHl  liy  thr  mt^t- 
two  dott«<l  lltn'ft);  3,  hniit'miHrtipiG  eye,  In  thin  casp  thv  aariK  nf  tho  t^ye  U  aliorter, 
is  flAtter,  than  normal;  pamllt*!  rayn  are  foc^jHswl  Whind  the  n-tiiia;  4,  mytt^pk'  i*yn: 
i  the  axis  of  the  eye  Ia  abnurmaUy  lOD^,  and  tii«  loni^  Uyn  convex;  pni-nltet  ray»  are 
l&tMit  of  the  i^tina. 

I^o/Jfff  (short-si g^ht)  (4,  fiff.  428).— Thi 8  defect  is  due  to  anabnor- 
igation  of  the  eyeball.  The  eye  ia  usually  larger  than  normal 
Iways  longer  than  normal ;  the  lens  is  also  probably  too  convex, 
bia  ia  too  far  from  the  lens  and  consequently  parallel  rays  are 
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fociissed  in  front  of  the  retina,  and,  crossing,  form  little  circles  on  tbf 
retina;  thus  the  images  of  distant  objects  are  blurretl  and  iivdistincl 
The  eye  ia,  m  it  were,  permanentlj  adjusted  for  a  near- point,  toys 
from  a  point  near  the  eye  are  exactly  focussed  in  the  retina.    Biitt^oae 
which  issue  from  any  object  beyond  a  certain  distance  (/Vir-/xu«/)  camw*^ 
be  distinctly  focussecL     This  defect  is  corrected  by  ca^k^re  glasses wliich 
cause  the  rays  entering  the  eye  to  diverge;  hence  they  do  not  come  to » 
focDS  m  soon.     Such  glasses  of  course  are  only  needed  to  give  a  clear 
vision  of  distant  objects.     For  near  objects,  except  in  extreme  cases,  ihej  | 
arc  not  rcqtiirtHL 

Htjpermdropia  (long-sight)  (3»  fig.  428). — This  is  the  reverse  tided  I 
The  eye  is  too  sliort  and  the  lens  too  flat.  Parallel  rays  are  focuswd  ] 
W*f>/</ the  retina:  an  effort  of  aeconimndut ion  is  required  to  focus  even  j 
parallel  rays  on  the  retina;  and  wljou  they  are  divergent,  as  in  viewinjl 
a  near  object,  the  acconmiodation  is  iusutficient  to  focus  them.  Thtu] 
in  woU-nuirked  eases  distant  objects  recjuire  an  effort  of  aoeommodation] 
and  near  ones  a  very  powerful  elTort.  Thus  the  ciliary  muscle  is  con- 
stantly acting*  This  defect  is  obviated  by  the  use  of  <9ont^et2r  glaaei|1 
wlrich  renders  the  pencils  of  liglii  more  convergent.  Such  glasses  Are  ell 
course  esi»ecially  needed  ffjr  near  objects,  as  in  reading,  etc.  They  re^\ 
the  eye  by  relieving  the  ciliary  nniscle  from  excessive  work. 

3.  A^fifpmttUm. — ^This  defect,  which  was  first  discovered  by  Airv,  is 
due  to  a  greater  curvature  of  the  eye  in  one  meridian  than  in  others. 
The  eye  may  be  even  myopic  in  one  plane  and  hypermetropic  in  othera. 
Thus  vertical  and  horizontal  lines  crossing  each  other  cannot  both  bti 
focnssed  at  once ;  one  set  stands  out  clearly  and  the  others  are  blurrcd'f 
and  indistinct.  This  defect,  which  is  present  in  a  slight  degree  in  jJI 
eyes,  is  generally  seated  in  the  cornea,  bnt  occasionally  in  the  lensra 
well;  it  may  be  correctetl  by  the  use  of  cylindrical  glasses  (T.*?.,  curvt'd 
only  in  one  direction), 

4.  Sphfrival  Aberration, — The  rays  of  a  cone  of  light  from  an  nhjeet  i 
situated  at  the  side  of  the  OeU  of  vision  do  not  meet  all  inthesanjej 
point,  owing  to  their  unequal  refraction;  for  the  refraction  of  tlierBji 
which  pass  through  the  circumference  of  a  lens  is  greater  than  that  < 
those  traversing  its  central  j  nut  ion.     This  defect  is  known  m  ?>phtm 
aberration^  and  in  the  camera,  telescope,  microscope,  and  other  opti 
instruments,  it  is  remedied  by  the  interposition  of  a  screen  withaHr 
lar  aperture  in  the  path  of  the  rays  of  light,  cutting  off  all  the  marginilj 
rays  and  ouly  allowing  the  passage  of  those  near  the  centre.     Such  cof' 
rection   is  effected   in  the  eye  by  tlie  iris,   which   forms   an  annuli 
diaphragm  to  cover  the  circumference  of  the  lens,  and  to  prevent  th 
rays  from  passing  through  any  part  of  the  lens  but  its  centre  which  cor- 
responds  to  the  pupil.     The  posterior  surface  of  the  iris  is  coated  witl 
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rit,  to  prevent  the  passage  of  rays  of  light  through  its  substance, 
niage  of  an  object  will  bo  most  defined  and    distinct  when  the 

is  luirrow/thc  object  at  the  proper  distunco  for  vision,  and  the 
abundant;  so  that,  while  a  sufficient  number  of  rays  are  admitted, 
aiTowness  of  the  pupil  may  prevent  the  production  of  indbtiuetness 
e  image  by  ^phenaii  ubcrration.  But  even  the  imaj^e  formed  by 
Pays  passing  througfi  the  circumferenee  of  the  lens,  when  the  pupil 
udi  dilated,  as  iu  tlie  dark,  or  in  a  feeble  light,  may,  under  certain 
instances,  be  well  dellued. 

•istinctneas  of  vii^ion  is  further  seen  red  by  the  pigment  of  the  outer 
3e  of  the  retina,  the  posterior  surface  of  the  iris  and  the  ciliary 
jBes,  which  alfsorbs  any  rays  of  light  that  may  be  reOected  within 
re,  and  prcyents  their  beiug  thrown  again  upon  the  retina  so  as  to 
*ere  with  the  images  there  formed.  Tfic  pigment  of  the  retina  is 
!ally  important  in  this  res[)eet;  for  with  the  exception  of  its  outer 
the  retina  is  very  transparent,  and  if  the  surface  behind  it  were  not 
dark  color,  but  capalile  of  rcllectiug  the  light,  the  luminous  rays 
\  hacl  already  acted  on  the  retina  would  be  reflected  again  through 
d  would  fall  upon  other  parts  of  the  same  membrane,  producing 
lazzHng  from  excessive  light,  and  indistinctness  of  the  images. 

Chroma  fie  Ahvrndinn. — In  the  passiige  of  light  through  an  ordi- 
convex  lens,  decomposition  of  each  ray  into  itts  elementary  colored 
common ly  ensues,  and  a  colored  margin  appears  around  the  image, 

to  tlie  unequal  refraction  which  the  elementary  colore  undergo, 
tieal  instruments  this,  which  is  tt*rmed  rhromafie  akrralmi^  is  cou- 
l  by  the  use  of  two  or  more  lenses,  diflTeriug  in  shajit^  and  density, 
}cond  of  which  coutinues  or  iucrejtst^s  the  refraction  of  the  rays 
ced  by  the  first,  but  by  recombining  the  individual  parts  of  each 
ito  its  original  wdiite  light,  corrects  any  chron/aiic  aberration  which 
lav^e  resulterl  from  tin?  first.  It  is  proliable  that  the  unequal  refrac- 
ower  of  the  transparent  media  in  front  of  the  retina  may  be  the 
I  by  which  the  eye  is  enabled  to  guard  against  the  eifeetof  chromatic 
rtion.  The  human  eye  is  achromatic,  howx^ver,  only  so  long  as 
aage  is  received  at  its  foeal  distaneo  upon  the  retina,  or  so  long  m 
fe  adapts  itself  to  the  different  distances  of  sight.  If  either  of 
conditions  bo  iuterfered  with,  a  more  or  less  distinct  appearance 
urs  is  produced. 

1  ordinary  ray  of  white  light  iu  pitssing  through  a  prism,  is  refract- 
\,  bent  ont  of  its  course,  but  the  different  colored  rays  which  go 
ike  up  white  light  are  refracted  in  different  degrees,  and  therefore 
r  as  colored  bands  fading  off  into  each  other:  thus  a  colored  band 
1  OS  the  **  spectrum*'  is  produced,  the  colors  of  which  are  arranged 
lows — red,  orange,  yellow,  green,   blue,  indigo,   violet;  of  these 
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the  red  ray  is  the  least,  and  the  violet  the  most  refracted.   Hence,  tt 
Helmholtz  has  shown,  a  small  white  object  cannot  be  accurately  iocuflfli 
on  the  retina,  for  if  we  focus  for  the  red  rays,  the  violet  are  out  oIlocoB, 
and  vice  versd :  such  objects,  if  not  exactly  f ocussed,  are  often  aeen  soi- 
rounded  by  a  pale  yellowish  or  bluish  fringe. 

For  similar  reasons  a  red  surface  looks  nearer  than  a  blue  one  at  tf 
equal  distance,  because,  the  red  rays  being  less  refrangible,  a  stronge 
effort  of  accommodation  is  necessary  to  focus  them,  and  the  eye  is  aditutc 
as  if  for  a  nearer  object,  and  therefore  the  red  surface  appears  nearer. 

From  the  insufficient  adjustment  of  the  image  of  a  small  white  o 
ject,  it  appears  surrounded  by  a  sort  of  halo  or  fringe.  This  phenoi 
enon  is  termed  Irradiation,  It  is  from  this  reason  that  a  white  aqui 
on  a  black  ground  appears  larger  than  a  black  square  of  the  same  sixe 
a  white  ground. 

As  an  optical  instrument,  the  eye  is  siiperior  to  the  camtra  in  t 
following,  among  many  other  particulars,  which  may  be  enumerated 
detail.  1.  The  correctness  of  images  even  in  a  large  field  of  view. 
The  simplicity  and  efficiency  of  the  means  by  which  chromatic  aben 
tion  is  avoided.  3.  The  perfect  efficiency  of  its  adaptation  to  differe 
distances.  In  the  photographic  camera,  it  is  well  known  that  only  aooi 
paratively  small  object  can  be  accurately  focussed.  In  the  photograj 
of  a  largo  object  near  at  hand,  the  upper  and  lower  limits  arealwi 
more  or  less  hazy,  and  vertical  lines  appear  curved.  This  is  due  to  t 
fact  that  the  image  produced  by  a  convex  lens  is  really  slightly  curved  ai 
can  only  be  received  without  distortion  on  a  slightly  curved  conca 
screen,  hence  the  distortion  on  a  flat  surface  of  ground  glass.  It 
different  with  the  eye,  since  it  possesses  a  concave  background,  up 
which  the  field  of  vision  is  depicted,  and  with  which  the  curved  form 
the  image  coincides  exactly.  Thus,  the  defect  of  the  camera  obscu 
is  entirely  avoided;  for  the  eye  is  able  to  embrace  a  large  field  of  visio 
the  margins  of  which  are  depicted  distinctly  and  without  distortion, 
the  retina  had  a  plane  surface  like  the  ground  glass  plate  in  a  camei 
it  must  necessarily  be  much  larger  than  is  really  the  case  if  we  were 
see  as  much;  moreover,  the  central  portion  of  the  field  of  vision  alo 
would  give  a  good  clear  picture  (i^ernstein). 

Defective  Accommodntion — Presbifopia. — This  condition  is  due  tot 
gradual  loss  of  the  power  of  accommodation  which  is  part  of  the  genei 
decay  of  old  age.  In  consequence  the  patient  would  be  obliged  in  rea 
ing  to  hold  his  book  further  and  further  away  in  order  to  focus  i 
letters,  till  at  last  the  letters  are  held  too  far  for  distinct  vision.  T 
defect  is  remedied  by  weak  convex  glasses,  which  are  very  conunon 
worn  by  old  people.  It  is  due  chiefly  to  the  gradual  increase  in  denri 
of  the  lens,  which  is  unable  to  swell  out  and  become  convex  when  ne 
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M^ts  are  looked  at,  nm\  also  to  a  weaken ing  of  the  ciliar}'  mnacle,  and 
IjS^neral  loss  of  elasticity  in  the  parta  coocerncd  in  the  Eiechaaism. 

Visual  Sensations. 

lecitation  of  the  Retina.— Light  is  the  normal  agent  in  the  ex* 

don  of  the  retina.     The  only  layer  of  the  retina  capable  of  reacting 

tie  siimuJns  is  the  rods  and  cones.     The  proofs  of  this  statement 

aj  be  summed  up  thus; — 

(1.)  The  point  of  entrance  of  the  optic  nerve  into  the  retina,  where 

ibe  rods  and  cones  are  absent,  is  insensitive  to  light  and  is  called  the 

Hml  spot.     The  phenomenon  itself  is  very  readily  demonstrated.     If 

\  direct  one  eye,  the  other  bt^ing  closed,  upon  a  point  at  such  a  dia- 

lioe  to  the  side  of  any  object,  that  the  image  of  the  latter   must  fall 

on  the  retina  at  the  point  of  entrance  of  the  optic  nerve,  this  image 

llost  either  instantaneously,  or  very  soon,     If,  for  example,  we  close  the 

;  eye,  and  direct  the  axis  of  the  right  eye  steadily  toward  the  circular 


lot  here  represented,  while  the  page  is  held  at  a  distance  of  about  six 
iches  from  the  eye,  both  dot  and  cross  are  visible.  On  gradually  in- 
reasing  the  distance  between  the  eye  and  the  object,  by  removing  the 
|)ok  farther  and  farther  from  the  face,  and  still  keeping  the  right  eye 
(eaUily  on  the  dot,  it  will  be  found  that  sudtienly  the  cross  disappears 
rom  view,  while  on  removing  the  book  still  farther,  it  suddenly  comes 
1  sight  again.  The  cause?  of  this  phenomenon  is  simply  that  the  por- 
bn  of  retina  which  is  occupied  by  the  entrance  of  the  optic  nerve,  is 
lite  blind;  and  therefore  that  when  it  alone  occupies  the  held  of  vision, 
(jects  cease  to  be  visible.  (2.)  In  the  fovea  centralis  and  macula 
itea  wliirh  contain  rods  and  eones  hut  no  optic  nerve-fibres,  light  pro- 
trees  the  greatest  efTect.  In  the  latter,  cones  occur  in  hirge  numbers, 
pd  in  the  former  cones  without  rods  are  found,  whereas  in  the  rest  of  the 
^tina  whifh  is  not  so  si'usirive  to  light,  there  are  fewer  cones  than  rods, 
jTe  may  conclude,  therefore,  that  cones  are  even  more  important  to 
*  iion  than  rods,  (3.)  If  a  small  lighted  candle  he  moved  to  and  fro 
the  side  of  and  close  to  one  eye  in  a  dark  room  while  the  eyes 
ik  steadily  forward  into  the  darkness,  a  remarkable  branching 
ire  (PurkinjVs  fif/ures)  is  seen  floating  before  the  eye,  consisting  of 
k  lines  ou  a  reddish  ground.  As  the  candle  moves,  the  figure  moves 
;  the  opposite  direction,  ami  from  its  whole appc^ar an ce  there  can  be  no 
Wbt  that  it  13  a  reversed  picture  of  the  retinal  vessels  projected  before 
«  eye.  Tlie  two  hii'LTc  brnuchint,^  arteries  parsing  up  and  down  from 
(ptic  disc  are  clearly  visible  together  with  their  minutest  branches. 
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A  little  to  one  side  of  the  diso.,  in  a  part  free  from  vessek,  is  seen  the 
yellow  spot  in  the  form  of  a  slight  depression.     This  remarkable  appear- 
ance is  due  to  shadows  of  the  retinal  vessels  cast  by  the  candle.  T\ie 
branches  of  these  vessels  are  chiefly  distributed  in  the  nerve-fibre  and 
ganglionic  layers;  and  since  the  light  of  the  candle  falls  on  theretiual 
vessels  from  in  front,  the  shadow  is  cast  behind  them,  and  hence  tbo« 
elements  of  the  retina  which  perceive  the  shadows  must  also  lie  bebiml 
the  vessels.     Here,  then,  we  have  a  clear  proof  that  the  light-perceiving 
elements  of  the  retina  are  not  the  fibres  of  the  optic  nerve  forming  the 
innermost  layer  of  the  retina,  but  the  external  layers  of  the  retina,  rods 
and  cones,  which  indeed  appear  to  be  the  special  terminations  of  the 
optic  nerve-fibres. 

Duration  of  Visual  Senmtmn^, — The  duration  of  the  sensation  pro- 
duced by  a  luminous  impression  on  the  retina  is  always  greater  than  that 
of  the  impression  which  produces  it.  However  brief  the  luminous  impres- 
sion, the  effect  on  the  retina  always  lasts  for  about  one-eighth  of  aseconi 
Thus,  supposing  an  object  in  motion,  say  a  horse,  to  be  revealed  on  a 
dark  night  by  a  flash  of  lightning.  The  object  would  be  seen  apparently 
for  an  eighth  of  a  second,  but  it  would  not  appear  in  motion;  because, 
although  the  image  remained  on  the  retina  for  this  time,  it  was  really 
revealed  for  such  an  extremely  short  period  (a  flash  of  lightning  being 
almost  instantaTieous)  that  no  appreciable  movement  on  the  part  of 
the  object  could  have  taken  place  in  tlio  period  during  which  it  was 
revealed  to  the  retina  of  the  observer.  And  the  siime  fact  is  proved  in  a 
reverse  way.  Tlie  spokoa  of  a  rapidly  revolving  wheel  are  not  seen  as 
distinct  objects,  because  at  every  jK>int  of  the  field  of  vision  over  which 
the  revolving  spokes  j)jiss,  a  given  impression  has  not  faded  before  anoth^ 
comes  to  rc])lace  it.  Thus  every  part  of  the  interior  of  the  wheel 
appears  occupied. 

The  duration  of  the  after-sensation,,  produced  by  an  object,  is  greater 
in  a  direct  ratio  with  the  duration  of  the  impression  which  caused  it 
llencc  the  image  of  a  bright  object,  as  of  the  panes  of  a  window  through 
wliich  the  light  is  shining,  may  be  perceived  in  the  retina  for  a  con- 
si(lera!)le  period,  if  we  have  previously  ke])t  our  eyes  fixed  for  sometime 
on  it.  Hut  tlic  image  in  this  case  is  negative.  If,  however,  after 
shutting  the  eyes  for  sonic  time,  we  open  them  and  look  at  an  object  for 
an  instant,  and  again  close  them,  the  after-image  is  positive, 

Jnlensiiii  of  Visnal  Sensatmts. — It  is  quite  evident  that  the  more 
luminous  a  body  the  more  intense  is  the  sensation  it  produces.  But  the 
intensity  of  the  sensation  is  not  direrflii  proportional  to  the  intensity 
of  the  luminosity  of  the  object.  It  is  necessary  for  light  to  have  a  cer- 
tain intensity  before  it  can  excite  the  retina,  but  it  is  impossible  to  fix  an 
arbitrary  limit  to  the  power  of  excitability.      As  in  other  sensations, so 
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visual  sensations,  a  stiuniliia  may  be  too  fueble  to  produce  a  sen- 
'^iou.  IF  it  be  iiMjivjLseil  in  umount  suWmknlly  it  begins  to  produce  an 
feet  which  18  int;miJi*t.'d  on  tlic  incrcitse  of  tlie  stimulation;  this  in- 
Te^a^e  in  the  elTcci  is  not  tHrtdiff  proportionul  to  tho  incrcittic  in  tlao 
'Xcibtiou,  but,  accord ing  to  FahmT'ii  /f/r,  *' a^  tlic  logarithm  of  the 
ktimdus,*' t\t\,  in  each  scii8i4tioii,  there  is  a  constant  ratio  between  the 
Bureiise  in  the  stiniuius  and  tiie  increai^u  in  the  fieiiaatiou,  this  coustiint 
'iiiio  fur  each  sensiitiou  cx[ircsiii'j^  the  leuBt  perceptible  increase  in  the 
ifijsatiou  or  minimal  increment  of  excitation, 

'Vhh  law,  which  h  true  only  within  certain  limits,  may  be  best 
Otlerstood  by  an  example.  When  tiie  retina  iui8  been  stimulated  by  the 
ght  of  one  candle,  tlie  light  of  two  candles  will  produce  a  difference  in 
iiiiiatiou  wliich  can  be  distinctly  felt.  If,  however,  the  first  etinmhis 
ad  been  tlijit  of  an  ehn  trie  light,  the  additiiin  of  the  light  of  a  candle 
oald  make  uo  difference  in  the  sensatiou.  So,  generally,  for  an  addi- 
onal  stinuiluri  to  In?  felt,  it  may  be  pntportiouately  small  if  the  original 
limulus  have  been  smnll,  ami  juu>>t  be  greater  if  the  original  stimuluB 
iTebeen  great.  The  stimulus  increases  as  the  ordinary  immbers,  while 
bseusation  increiiscs  as  the  logarithm. 

Part  of  the  liglit  which  enters  the  eye  is  absorbed  and  produces  some 

be  in  the  retina,  of  which  we  shall  treat  further  on;  the  rest  is 
ed. 
Every  one  is  perfectly  familiar  with  the  fact,  that  it  is  quite  impos- 
ble  to  see  Qiq  fundits  or  back  of  another  person^s  eye  by  simply  looking 
tto  it.  The  interior  of  the  eye  forms  a  perfectly  black  background  to 
le  pupih  The  same  renmrk  applies  to  an  ordinary  photographic 
ttaera,  and  may  be  illustrated  by  the  difliculty  wo  experience  in  seeing 
to  a  room  from  the  street  throngh  the  window,  unless  the  room  be 
ghted  within.  In  the  ctiso  of  the  eye  this  fact  is  partly  due  to  the 
ebleness  of  the  light  reflected  from  the  retina,  most  of  it  being  absorbed 
rthe  retinal  pigment,  as  mentioned  above;  but  far  more  to  the  fact  that 
ery  such  ray  is  reflected  etraiglit  to  the  source  of  light  (e./y.,  caiidle),  and 
nnot*  therefore,  be  seen  by  the  unaided  eye  without  intercepting  the 
cideut  light  from  the  candle,  as  well  as  the  reflected  rays  from  the 
tina.     This  difliculty  i«  surmounted  by  the  use  of  the  nphihalmoscope. 

The  ophthalmQscope,  broiiglit  iiitri  use  by  Helmholtz,  consists  in  its  simplest 
fm  of  a,  a  slightly  eomuve  ndrror  (if  iiieta!  or  silvere<i  ghiss  |>erf orated  in 
Rentre,  and  fixed  into  a  bandh> ;  iind  b,  a  bicoovex  lens  of  about  2 {-8  inchrs 
^  length.  Two  umftiods  <^f  examining  the  eye  witb  thits  instrunitnit  are  in 
lunion  UiM3 — the  direct  aud  the  intitirrt:  Ixjth  methwls  of  inveiit ideation  shoultl 

©mploye<l,  A  normal  eye  ahould  1m*  exarninpd  ;  a  drop  of  a  solution  of  ;itr<- 
I  (two  ^n^ins  to  the  on  nee)  (ir  uf  hoiiuitr*»|iia  hydrobromate,  should  be  iq* 
lied  about  tweHtj''  mmutes  before  the  examination  is  coninienced;  the  ciliary 
lacle  is  thereby  paralyzed,  the  power  uf  aa^ommodatiou  is  abolished^  and  the 
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pupil  is  dilated.  This  will  materially  facilitate  the  examination ;  bat  it  ii 
quite  possible  to  observe  all  the  details  to  be  presently  described  withoattheun 
of  this  drug.  The  room  being  now  darkened,  the  observer  seats  himself  in  frank 
of  the  person  whose  eye  he  is  about  to  examine,  placing  himself  upon  a  9S» 
what  higher  level.  A  brilliant  and  steady  light  is  placed  close  to  the  left  or 
of  the  patient.  The  atropia  having  been  put  into  the  right  eye  on^  of  the  pi-  I:j 
tient,  this  eye  is  examined.  Taking  the  mirror  in  his  right  hand^jand  lookiDg  mp 
tlirough  the  central  hole,  the  operator  directs  a  beam  of  light  into  the  eye  of  1 


Fif.  429.— Diairram  to  illustrate  the  action  of  the  Ophthalmoscope,  when  a  plane  oomim 
fclass  18  used.  c.  observer's  eye.  The  lifrht  reflected  from  any  point,  d,  on  retina  of  a,  vow 
naturally  be  focussed  at  e;  if  the  lens  6  is  used  it  would  be  iocu»ed  at  <,  in  other  vonki* 
back  of  c.  The  image  would  be  enlarp^ed,  as  though  of  g,  and  would  be  inverted.  (After  lb 
Grefi^r  Robertson.) 

the  patient.  A  red  glare,  known  as  the  reflex,  is  seen ;  it  is  due  to  the  iUomi* 
nation  of  the  retina.  The  patient  is  then  told  to  look  at  the  little  finger  ci  te 
observer's  right  hand  as  he  holds  the  mirror ;  to  effect  this  the  eye  is  rotatel 
somewhat  inward,  and  at  the  same  time  the  reflex  changes  from  red  to  i 
lighter  color,  owing  to  the  reflection  from  the  optic  disc.  The  observer  not 
approximates  tlie  mirror,  and  with  it  his  eye  to  the  eye  of  the  patient,  taking 
care  to  keep  the  light  fixed  upon  the  pupil,  so  as  not  to  lose  the  reflex.  Ati 
certain  point,  which  varies  with  different  eyes,  but  is  usually  when  there  is  la 
interval  of  about  two  or  three  inches  between  the  observed  and  the  observing 
eye,  the  vessels  of  the  retina  will  become  visible  as  lines  running  in  differenl 
directions.  Distinguisli  the  smaller  and  brighter  red  arteries  from  the  large 
and  darker  colonnl  veins.  Examine  carefully  the  fundus  of  the  eye,  i.e..  thf 
red  surface — until  the  optic  disc  is  seen  ;  trace  its  circular  outline,  and  obsen* 


Fip.  4.30.— Diapjam  to  illustrate  action  of  ophthalmoscope  ^^^^  ^  ^.-vw*..^—  ft.—  -  — . 
The  Ak-  d  on  retina  of  a  is  under  ordinary  conditions  focussed  at  /  and  inverted.    If  the j«*^ 


I  when  a  bi -convex  glass  is  rsA 


be  placed  between  eyes, 
Robertson.) 


the  ima^  h  is  seen  by  the  eye  c  as  an  enlargied  ima^re.     (After  McG«^ 


the  small   central   white   spot,  the  porus  opticus,  physiological  pit:  nearthn^ 
centre  is  the  central  artery  of  the  retina  breaking  up  upon  the  disc  into  brandies;, 
veins  also  are  present,    and  correspond  roughly  to  the  course  of  the  arteritt. 
Trace  the  vessels  over  the  disc  on  to  the  retina.     The  optic  disc  is  bounded  bf 
two  delicate  rings,  the  more  external   l)eing  the  choroidal,  while  the  more  i** 
temal  is  the  sclerotic  opening.     Somewhat  to  the  outer  side,  and  only  visibll 
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practice,  is  the  yellmv  «p«j/,  with  the  Hmaller  lighter  colored  foiiea 

its  centre.     Tliis  coBstil\ites  the  direct  method  of  exam i nation  (fig. 

the  various  detailE  of  the  fumhis  are  seen 

Uy  exist,  and   it  18  this  methml  which 

dopted  for  i»rdioary  use. 

beerver  i.s  anictnjijie,  re,  is  myopic  or 

pic»  he  wiU    be    unable   to  employ  the 

,od  of  examination  until  he  has  remedied 

'e  vision  by  the  use  of  proper  glaasee, 

indirect  methotl  (fig.  430)  the  patient  ia 

afore,  and  the  oi>c*nitor  holds  the  mirri>r 

;  band  at  a  distance  of  twelve  to  eiKbteim 

1  the  patient's  ri^ht  eye.     At  the  same 

Bts  his  left  little  finger  lightly  upim  the 

lie,  and    holding  the    lens   betS^een    bis 

forefinger,  two  or  three  inches  in.  front 
ent's  eye,  directs  the  light  through  the 
,e  eye.  Tlie  red  reflex »  ami  sulwequeiitly 
one,  having  lH.*i?n  gained,  ttie  ojierator 
es  his  mirror,  and  with  it  his  eye,  ttjward 
>m  the  face  of  the  patient,  until  the  nut- 
s  of  the  retinal  vessels  Iwx'omes  visible, 

slight  movements  on  the  part  cjf  the 
,11  suffice  to  bring  into  view  the  detaib 
I  us  alKJve  described,  but  the  image  will 
!iaUer  and  inverted.  Tlie  lens  sliould  \m 
it  a  distance  of  tw^o  or  three  inches,  the 
ig  alone  moved  until  the  disc  be<'oraes 
mhl  the  itiiage  of  the  mirror,  however, 

disc,  the  lens  may  be  slightly  tilted. 


Fig.  4'Jl.-TbeoptitliAllI«>- 
seope.  The  smftU  upper  mir- 
ror is  for  dirtx't,  ihv  larger 
for  indirect  illuminatiosi. 


i  Purple.— The  method  by  which  a  ray  of  light  is  able  to 
the  ending^  of  the  optic  nervo  in  the  retina  in  such  a  manner 
ml  sensation  is  perceived  by  the  cerebrum  is  not  yet  under- 
is  supposed  that  the  change  effected  by  the  agency  of  the 
h  falls  upon  the  retina  is  in  fact  a  chemical  alteration  in  the 
1,  and  that  this  change  stimuhiteB  the  optic  nerve-endings, 
rery  of  a  certain  temporary  reddish-porple  pigmentation  of  the 
m  of  the  retinal  rods  in  certahi  an i mala  {{'.f/.,  frogs)  which  had 
[  in  the  dark,  forming  the  Bo-ealled  rkodopsin  or  vi.ifml  pifrph^ 
likely  to  offer  some  exjilamition  of  the  matter,  especially  m  it 
found  that  the  pigmentation  disappeared  when  the  retina  was 
>  light,  and  reappeared  when  the  light  was  removed,  and  also 
nderwent  distinct  cfianges  of  color  when  other  than  white 
used.  It  was  also  found  that  if  the  operation  were  performed 
lOUgh,  the  image  of  an  ohjeet  (opfoffrmn)  might  he  fixed  in  the 
Ml  the  retina  by  soaking  the  retina  of  an  animal,  which  has 
d  in  the  dark,  in  alum  solution. 
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The  visual  purple  cannot  however  be  absolutely  essential  to  the  due 
production  of  visual  sensations,  as  it  is  absent  from  the  retinsd  cobsk,  |: 
and  from  the  macula  lutea  and  fovea  centralis  of  the  human  retina,  uoi  ^ 
does  not  appear  to  exist  at  all  in  the  retinae  of  some  animals,  e.f,  ba^ 
dove,  and  hen,  which  are,  nevertheless,  possessed  of  good  vision. 

However  the  fact  remains  that  light  falling  u|)on  the  retina  (a) 
bleaches  the  visual purpk\  and  this  must  be  considered  as  one  of  its  effeck 
It  has  been  found  that  certain  pigments,  also  sensitive  to  light,  are  con- 
tained in  the  inner  segments  of  the  cones.  Those  colored  bodies  are  said 
to  be  oil  globules  of  various  colors,  red,  green,  and  yellow,  called  chrtm- 
phafiesj  and  are  found  only  in  the  retinas  of  animals  not  mammals.  The 
rhodopsin  at  any  rate  appears  to  bo  derived  in  some  way  from  the  retiiul 
pigment,  since  the  color  is  not  renewed  after  bleaching  if  the  retina  be 
detached  from  its  pigment  layer,  (b)  The  second  change  produced  by 
the  action  of  the  light  upon  the  retina  is  the  movatient  of  the  piffmiA 
cells.  On  the  stimulation  of  liglit  the  granules  of  pigment  in  the  cells 
which  6verlio  the  outer  part  of  the  rod  and  cone  layer  of  the  retim 
become  diffustnl  in  the  parts  of  the  cells  between  the  rods  and  cones,  the 
melanin  or  fuse  in  graimlGS,  as  they  are  called,  passing  down  into  the  pro- 
cesses of  the  cells,  (c)  A  movement  of  the  cone^  and  possibly  of  the  rods 
is  also  said  to  occur,  as  has  been  already  incidentally  mentioned;  on  the 
stimulus  of  light  the  outer  parts  of  the  cones,  which  in  an  eye  protected 
from  light  extend  to  the  j)igment  layer,  are  retracted.  It  is  em 
thought  that  the  contraction  is  under  the  control  of  the  nervous  system; 
and  finally,  according  to  the  careful  researches  of  Dewar  and  McKen- 
drick,  and  of  Holmgren,  it  appears  that  the  stimulus  of  light  is  able  to 
produce  (d)  a  variation  of  the  natural  electrical  currents  of  the  rdi^ 
The  current  is  at  first  increased  and  then  diminished.  McKendriek 
believes  that  this  is  the  electrical  expression  of  those  chemical  changei 
in  the  retina  of  which  we  have  already  spoken. 

Visual  Pkiickftions  and   Jidgments. 

Reversion  of  the  Image. — It  will  be  as  well  to  repeat  here  that 
the  direction  given  to  the  rays  by  their  refraction  i.^  regulated  by  that 
of  the  central  ray,  or  axis  of  the  cone,  toward  which  the  ravs  are  Kr.t. 
The  image  of  any  point  of  an  object  is,  therefore,  as  a  rule  (the  exceptions 
to  which  uoo«l  not  here  be  stated),  always  formed  in  a  line  identical  wiA 
the  axis  of  the  cone  of  light,  as  in  the  line  of  B  ^,  or  a  a  (fig.  432),  so  that 
the  r,[)ot  where  the  image  of  any  point  will  be  formed  upon  the  retina 
may  be  determiii<*(l  hv  ])rolouging  the  central  ray  of  the  cone  of  light, 
or  that  ray  which  traverses  tlie  centre  of  the  pupil.  Thus  a  «  is  the 
axis  or  central  ray  of  the  cone  of  light  issuing  from  A ;  B  J  the  central 


of  the  cone  of  light  issuing  fruai  i*;  the  image  of  A  is  formed  at  a^ 
'  image  of  u  jit  b,  in  the  iuvurted  ijasitioii;  therefore  what  in  the  ub- 
t  wafi  above  is  in  the  image  below,  and  vice  verm^ — the  right-hand 
!lof  the  object  is  in  t!ie  image  to  the  ieft,  the  left-hand  to  the  right 
m  upening  be  niude  in  an  eye  at  its  superior  aiirfiiee,  so  that  the 
isa  can  be  seen  through  thu  vitreous  humor,  this  image  of  any  bright 
WJt,  such  as  the  windows  of  the  room,  maybe  perceived  inverted  upon 
retina.  Or  still  bettt^r,  if  the  eye  of  any  albino  animal,  such  as  a 
te  rabbit,  in  which  the  coats,  from  the  absence  of  pigment,  are  trans- 
*nL  is  disijerted  clean,  imd  lield  with  the  conu'a  tciwurd  the  window, 
ry  distinct  image  of  the  window  eompletely  inverted  la  seen  depicted 
.he  posterior  traoslueent  wall  af  the  eye.     Volkraann  has  also  shown 


Fig   CS.— Dlagnuti  ot  tbe  formiitloi]  of  the  Inuyi^  on  the  retina. 

t 

IM  similar  experiment  may  bo  snecessfully  performed  in  a  living  per 
poeaesaed  of  large  prominent  eyes,  and   an  nn usually  transparent 
potic 

Aji  image  formed  at  any  {loint  on  the  retina  is  referred  to  a  point 
iide  the  eye,  lying  on  a  straight  line  drawn  from  the  point  on  the 
na  outward  through  the  centre  of  the  pnpil.  Thus  an  image  on  the 
side  of  the  retina  is  referred  by  the  mind  to  an  object  on  the  right 
of  the  eye,  and  rke  term.  Tims  all  injages  on  the  retina  are  men* 
^%  as  it  were,  projected  in  front  of  the  eye,  and  the  objects  are  seen 
i  though  the  image  on  the  retina  is  invertcil.  Much  needless  con- 
on  and  ditficnlty  have  been  raised  on  this  subject  for  want  of  re- 
nbering  that  when  we  are  said  to  see  an  object,  the  min  1  ia  merely 
Bcious  of  tlie  picture  on  the  retina,  and  when  it  refers  it  to  the  ei- 
iftl  object,  or  **  projects*'  it  outside  the  eye,  it  net^emarUg  reverses  it 
I  sees  the  object  m  erect,  though  the  retinal  image  is  inverted, 
(a  is  further  corroborated  by  the  sense  of  touch.  Thus  an  object 
wa  picture  falls  on  the  left  half  of  the  retina  is  reached  by  the  right 
id,  and  hence  is  said  to  lie  to  the  righL  Or,  again,  an  object  whose 
ige  is  formed  on  the  upper  part  of  the  retina  is  readily  touched  by 
feet,  and  is  therefore  said  to  be  in  the  lower  part  of  the  field,  and 
in. 

I!rnrc  it  Ls  also,  thut  no  discurdiince  hvibbb  between  the  sensations  of 
ed  viaion  and  tbo6e  of  touch,  which  perceives  everything  in  ita 


L. 
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erect  position;  for  the  images  of  all  objects,  even  of  ourownUmbB,(Wi 
the  retina,  are  equally  inverted,  and  therefore  maintain  the  same  idir 
tive  position. 

£ven  the  image  of  our  hand,  while  used  in  touch,  is  seen  inTeitei 
The  position  in  which  we  see  objects,  we  call,  therefore,  the  erect  pori- 
tion.  A  mere  lateral  inversion  of  our  body  in  a  mirror,  where  the  right 
hand  occupies  the  left  of  the  image,  is  indeed  scarcely  remarked:  and 
there  is  but  little  discordance  between  the  sensations  acquired  by  toudi 
in  regulating  our  movements  by  the  image  in  the  mirror,  and  those  of 
sight,  us,  for  example,  in  tying  a  knot  in  the  cravat  There  is  soioa 
want  of  harmony  here,  on  account  of  the  inversion  being  only  lateral, 
and  not  complete  in  all  directions. 

The  perception  of  the  erect  position  of  objects  appears,  therefore,  to 
be  the  result  of  an  act  of  the  mind.  And  this  leads  us  to  a  consideratiai 
of  the  several  other  properties  of  the  retina,  and  of  the  co-operation  rf 
the  mind  in  the  several  other  parts  of  the  act  of  vision.  To  these  bdoog 
not  merely  the  act  of  sensation  itself  and  the  perception  of  the  changtf 
produced  in  the  retina,  as  light  and  colors,  but  also  the  oonversion  of  the 
mere  images  depicted  in  the  retina  into  ideas  of  an  extended  1 
vision,  of  proximity  and  distance,  of  the  form  and  size  of  objects,  of  ita 
reciprocal  influence  of  different  parts  of  the  retina  upon  each  other,  the 
simultaneous  action  of  the  two  eyes,  and  some  other  phenomena. 

Field  of  Vision. — The  actual  size  of  the  field  of  vision  depends  on 
the  extent  of  the  retina,  for  only  so  many  images  can  be  seen  at  any  one 
time  as  can  occupy  the  retina  to  the  same  time;  and  thus  considered^ 
the  retina,  the  conditions  of  which  are  perceived  by  the  brain,  is  itaelf 
the  field  of  vision.  But  to  the  mind  of  the  individual  the  size  of  the 
field  of  vision  has  no  determinate  limits;  sometimes  it  appears  very 
small,  at  another  time  very  large;  for  the  mind  has  the  power  of  pro- 
jecting images  on  the  retina  toward  the  exterior.  Hence  thementil 
field  of  vision  is  very  small  when  the  sphere  of  the  action  of  the  mindii 
limited  to  impediments  near  the  eye;  on  the  contrary,  it  is  very  exten- 
sive when  the  projection  of  the  images  on  the  retina  toward  the  exterior, 
by  the  influence  of  the  mind,  is  not  impeded.  It  is  very  small  wha 
we  look  into  a  hollow  body  of  small  capacity  held  before  the  eyes;  large 
when  we  look  out  upon  the  landscape  through  a  small  opening ;  more  ex- 
tensive when  we  look  at  the  landscape  through  a  window ;  and  most » 
when  our  view  is  not  confined  by  any  near  object.  In  all  these  cases  fl» 
idea  which  we  receive  of  the  size  of  the  field  of  vision  is  very  different, 
although  its  absolute  size  is  in  all  the  same,  being  dependent  on  the  ex- 
tent of  the  retina.  Hence  it  follows,  that  the  mind  is  constantly  co- 
operating in  the  acts  of  vision,  so  that  at  last  it  becomes  difficult  tottj 
what  belongs  to  mere  sensation,  and  what  to  the  influence  of  the  mini 
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%  a  mental  operation  of  this  kiad,  we  obtain  a  correct  idea  of  the  size 
^  individual    objects,  m   well  its   of  the  extent  of  the  field  of  viBion. 
^To  illustrate  this,  it  will  be  well  to  refer  to  fig,  43:1. 

The  angle  r,  included  between  the  decussating  central  rays  of  two 
EHies  of  light  isan in gf  from  different  points  of  an  object,  is  called  the 


Huder 


optical  nngle^-auguhitf  optwus  sen  visorius.     This  angle  becomes  larger, 
the  grejiter  the  distimce  between  the  points  A  and  li;  and  since  the  angles 
X  and  1/  are  equal,  the  distance  between  the  points  a  and  d  in  the  image 
on  the  retina  increases  as  the  angle  becomes  larger.     Objects  at  different 
distances  from  the  eye,  but  having  the  same  optical  angle  x — for  exam- 
ple, the  objects,  c^  fi,  and  e, — must  also  throw  images  of  equal  size  upon 
tbu  retina;  and,  if  they  occupy  the  same  angle   of  the  field  of  vision, 
their  image  must  occupy  the  same  spot  in  the  retina. 

Nevertheless,  these  images  appear  to  the  mind  to  be  of  very  unequal 
me  when  the  ideas  of  distance  and  proximity  come  into  play;  for,  from 
till!  image  a  b^  tlic  mind  forms  the  conception  of  a  visual  space  extend- 
[  to  f,  c?,  or  t\  and  of  an  object  of  the  size  which  that  represented  by 
image  on  the  retina  appeal's  to  have  when  viewed  close  to  the  eye,  or 

the  most  usual  circumstances. 

Estimation  of  Size. — Oar  estimate  of  the  size  of  various  objects  is 

»ed  partly  on  the  visual  angle  under  which  they  are  seen,  but  much 

on  the  estimate  we  form  of  their  distance.     Thus  a  lofty  mountain 

f  miles  olf  may  l>e  seen  under  the  same  visual  angle  as  a  small  hill 

'  at  hand,  but  we  infer  that  the  former  is  much  the  larger  object 

ause  we  know  it  is  mu^di  further  olf  than  the  hill.     Our  estimate  of 

ince  is  often  erroneous,  aud  consequently  the  estimate  of  size  also. 

persons  seen  walking  on  tlie  top  of  a  small  hill  again ts  a  clear 

iriligtit  sky  appear  unusually  large,  because  we  over-estimate  their  dis- 

nce,  and  for  similar  reasons  most  objects  in  a  fog  appear  immensely 

nagnified.     The  same  mental  process  gives  rise  to  the  idea  of  depth   in 

jUie  EoM  of  vision;  this  idea  being  fixed  in  our  mind  principally  by  the 

fcumstance  that,  as  we  ourselves  move  forward,  different  images  in 

ccession  become  depicted  on  our    retina,   so   that  we  seem  to  pass 

;ween  these  images,  which  to  the  mind  is  the  same  thing  as  passing 

;w6en  the  objects  themselves. 
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The  action  of  the  sense  of  vision  in  relation  to  external  objects  i^ 
therefore,  quite  different  from  that  of  the  sense  of  touch.    The  objects 
of  the  latter  sense  are  immediately  present  to  it;  and  our  own  body,  wiu 
which  they  come  in  contact,  is  the  measure  of  their  size.     The  part  w 
a  table  touched  by  the  hand  ap})ears  as  large  as  the  part  of  the  basa 
receiving  an  impression  from  it,  for  a  part  of  our  body  in  whichasen^ 
tion  is  excited,  is  here  the  measure  by  which  we  judge  of  the  magnitud* 
of  the  object.     In  the  sense  of  vision,  on  the  contrary,  the  images  of  ob- 
jects are  mere  fractions  of  the  objects  themselves  realized  upon  the 
retina,  the  extent  of  which  remains  constantly  the  same.    But  the  imagini' 
tion,  which  analyzes  the  sensations  of  vision,  invests  the  images  o!  ob- 
jects, together  with  the  whole  field  of  vision  in  the  retina,  with  toj 
varying  dimensions;  the  relative  size  of  the  image  in  proportion  to  tin 
whole  field  of  vision,  or  of  the  affected  parts  of  the  retina  to  the  whola 
retina,  alone  remaining  unaltered. 

Estimation  of  Direction. — The  direction  in  which  an  object  ii 
seen,  depends  on  the  part  of  the  retina  which  receives  the  image,  and oi 
the  distance  of  this  part  from,  and  its  relation  to,  the  central  point o( 
the  retina.  Thus,  objects  of  which  the  images  fall  ujwn  the  same  parta 
of  the  retina  lie  in  the  same  visual  direction;  and  when,  by  the  acti(tt 
of  the  mind,  the  images  or  affections  of  the  retina  are  projected  into  the 
exterior  world,  the  relation  of  the  images  to  each  other  remains  the 
same. 

Estimation  of  Form. — The  estimation  of  the  form  of  bodies  bj 
sight  is  the  result  partly  of  the  mere  sensation,  and  partly  of  theasoci- 
ation  of  ideas.  Since  the  form  of  the  images  perceived  by  the  retini 
depends  wholly  on  the  outline  of  the  part  of  the  retina  affected,  the  sen- 
sation alone  is  adequate  to  the  distinction  of  only  superficial  forms  of 
each  other,  as  of  a  square  from  a  circle.  But  the  idea  of  a  solid 
body  as  a  sphere,  or  a  body  of  three  or  more  dimensions,  c.^.,  a  cube, 
can  only  be  attained  by  the  action  of  the  mind  constructing  it  from  the 
different  superficial  images  seen  in  different  positions  of  the  eye  wili 
regard  to  the  object,  and,  as  shown  by  Wheatstone  and  illustrated  in  the 
slereoscoppy  from  two  different  perspective  projections  of  the  body  being 
present  simultaneously  to  the  mind  by  the  two  eyes.  Hence,  when, ia 
ii.lult  age,  sight  is  suddenly  restored  to  persons  blind  from  infancy,  >tt 
objects  in  the  field  of  vision  appear  at  first  as  if  painted  flat  on  one 
surface;  and  no  idea  of  solidity  is  formed  until  after  long  exercise  of 
the  sense  of  vision  combined  with  that  of  touch. 

Tlie  clearness  witli  which  an  object  is  perceived  irrespective  of  accoro- 
modation,  would  appear  to  depend  largely  on  the  number  of  rods  and 
cones  which  its  retinal  image  covers.  Hence  the  nearer  an  object  is  te 
the  eye  (within  moderate  limits)   the  more  clearly  are  all  its  detail 
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Moreover,  if  we  want  earefully  to  examine  any  object,  we  always 
t  the  eyes  atnught  to  it,  so  that  its  image  nluill  fall  on  tlie  yellow 
w\\^ie  an  image  of  a  given  area  will  cover  a  larger  number  of  coneg 

I  anywhere  else  in  the  retina.     It  has  been  found  that  the  images  of 
pints  most  be  at  least  3;*  apart  on  the  yellow  spot  in  order  to  be 

Uiguiglied  separately;  if  the  images  are  nearer  together^  the  points 
ftir  afi  one.     The  cliameter  of  eaeh  cone  in  this  ]>art  of  the  retina  13 

istimation  of  Movement.— We  judge  of  the  motion  of  an  object, 
Ijfroni  the  motion  of  its  image  over  tlie  surface  of  the  retina,  niul 
y  from  the  motion  of  our  eyen  foUuwing  it.  If  the  image  upon  the 
A  moves  whih"  our  eyes  and  *>ur  boily  are  at  rest,  we  eonebnh'  that 
bject  is  changing  itsi  relative  position  witli  regard  to  ourselves.  In 
a  case  the  movement  of  the  ohjeet  may  l>e  apparent  only,  as  when 
e  standing  11  {ion  a  hiHly  which  is  in  motion,  such  as  a  ship.  If,  on 
ther  hand,  the  image  dr>es  not  move  with  regard  to  the  retina,  but 
m  fixed  npon  the  same  spot  of  that  membrane,  while  our  eyes  fol- 
ic moving  body,  we  judge  of  the  motion  of  the  object  by  the  sensa- 
!f  tbe  muscles  in  action  to  move  the  eye.  If  the  image  moves  over 
rface  of  the  retina  wliile  the  muscles  of  the  eye  are  acting  at  the 
time  in  11  manner  corresponding  to  this  motion,  as  in  reiuling,  we 
that  the  object  m  statiomtry,  and  we  know  tlmt  we  are  merely 
ng  the  relations  of  our  eyes  to  the  object.  Sometimes  the  object 
T6  to  move  when  both  object  atid  eye  are  fixed,  as  in  vertigo, 
he  mind  can»  by  the  faculty  of  attention^  coueeutrate  ita  activity 
or  less  exclusively  npon  the  sense  of  sight,  hearings  and  touch  aller- 
r.  When  exclusively  occupied  with  the  action  of  one  sense,  it  is 
dy  conaeious  of  the  sensations  of  the  others.  The  mind,  when  deeply 
rsed  in  contemplatious  of  another  nature,  is  indifferent  to  the  ac- 
of  the  sense  of  sight,  as  of  every  other  sense.  We  often,  when 
in  thought,  iiave  our  eyes  open  and  fixed,  but  see  nothing,  because 
B  stimulus  of  ordinary  light  l)€ing  unable  to  excite  tlie  brain  to 
ption,  when  otherwise  engaged.  The  attention  which  is  tfuis 
iary  for  vision,  is  necessary  also  to  analyze  what  the  field  of  vision 
its.  The  mind  does  not  perceive  all  the  objects  pre^nted  by  the 
of  vision  at  the  sanu^  time  with  equal  acuteness,  but  directs?  itself 
o  one  and  then  to  another.  The  seusation  becomes  more  intense, 
ling  as  the  particular  object  is  at  the  time  the  principal  object  of 

II  contemplation.  Auy  compound  mathematical  figure  produces  a 
ent  impression  according  as  the  att^Mition  is  directed  exclusively  to 
>r  the  other  part  of  it.  Thus  in  ^g.  433  a,  we  may  in  succession 
II  vivirl  perceptiou  of  the  whole,  or  of  distinct  ptirii^  oidy;  of  the 
langlt^  near  the  outer  circle,  of  the  hexagon  in  the  middle,  of  the 
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three  large  triangles.  The  more  numerous  and  varied  the  parts  of  whidi 
a  figure  is  composed  the  more  scope  does  it  afford  for  the  play  of  the 
attention.     Hence  it  is  that  architectural  ornaments  have  an  enliTening 


Fig.  483  A. 

effect  on  the  sense  of  vision,  since  they  afford  constantly  fresh  subject 
for  the  action  of  the  mind. 

Color  Sensations. — If  a  ray  of  sunlight  be  allowed  to  pass  through 
a  prism,  it  is  decomposed  by  its  passage  into  rays  of  different  colors, 
which  are  called  the  colors  of.  the  spectrum ;  they  are  red,  orange,  yellow, 
green,  blue,  indigo,  and  violet.  The  red  rays  are  the  least  turned  out  of 
their  course  by  the  prism,  and  the  violet  the  most,  while  the  other  colors 
occupy  in  order  places  between  these  two  extremes.  The  differences  in 
the  color  of  the  rays  depend  upon  the  number  of  vibrations  producing 
each,  the  red  rays  being  the  least  rapid  and  the  violet  the  most  In 
addition  to  the  colored  rays  of  the  spectrum,  there  are  others  which  are 
invisible,  but  which  have  definite  properties,  those  to  the  left  of  the  red, 
and  less  refrangible,  being  the  calorific  rays  which  act  upon  the  ther- 
mometer, and  those  to  the  right  of  the  violet,  which  are  called  the  actinic 
or  chemical  rays,  which  have  a  powerful  chemical  action.  The  njs 
which  can  be  perceived  by  the  brain,  i.e.,  the  colored  ra}^  must  stimn- 
late  the  retina  in  some  special  manner  in  order  that  colored  vision  bdaj 
result,  and  two  chief  explanations  of  the  method  of  stimulation  halt 
been  suggested. 

(1.)  The  one,  originated  by  Young  and  elaborated  by  Helmholtz,  hddi 
that  there  are  three  primary  colors,  viz.,  red^  green,  and  violei,  and  thit 
in  the  retina  are  contained  rods  or  cones  which  answer  to  each  of  the« 
primary  colors,  whereas  the  innumerable  intermediate  shades  of  color  are 
produced  by  stimulation  of  the  three  primary  color  terminals  in  different 
degrees,  the  sensation  of  white  being  produced  at  the  same  time  wh^ 
the  three  elements  are  equally  excited.  Thus  if  the  retina  be  stimulated 
by  rays  of  certain  wave  length,  at  the  red  end  of  the  spectrum,  tie 
terminals  of  the  other  colors,  green  and  violet,  are  hardly  stimulated  at ; 
all,  but  the  red  terminals  are  strongly  stimulated,  the  resulting  sensation 
being  red.  The  orange  rays  excite  the  red  terminals  considerably,  the 
green  rather  more,  and  the  violet  slightly,  the  resulting  sensation  being 
that  of  orange,  and  so  on  (fig.  434). 

(2.)  The  second  theory  of  color  (Hering's)  supposes  that  there  are  six 
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fimary  color  sensations,  of  three  pair  of  antagonistic  or  complemental 
ilors,  black  and  white,  red  and  green,  and  yellow  and  blue,  and  that 
im  are  produced  by  the  changes  either  of  disintegration  or  of  assimu- 
►tion  taking  place  in  certain  substances,  somewhat  it  may  be  supposed  of 
le  nature  of  the  visual  purple,  which  (the  theory  supposes  to)  exist  in 
le  retina.  Eiich  of  the  substunccs  corresponding  to  a  pair  of  colors, 
sing  capaljle  of  undergoing  two  changes,  one  of  construction  and  the 
;ber  of  disintegration,  with  the  result  of  producing  one  or  other  color. 

t instance,  in  tlie  white-bhu'k  sulistance,  w4icn  disiutegration  is  in 
B  of  construction  or  assimilation,  the  seuBation  is  white,  and  when 
Bimilation  is  in  excess  of  disintegration  the  reverse  is  the  case;  and 
milarly  with  the  rerl-^-reen  Kubstance,  and  with  the  yellow-blue  sub- 
When  the  repair  and  disintegration  are  equal  with  the  first 
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Fte.  484.  — Dl&gT&Tn  of  the  thir^  primary  c^ilor  w?n»ation«.  fYnunif-Hetmholtz  thwiry  )  1,  Is 
9W;  9,  green,  aiid  3,  viol**t,  vriinarv  color  s«*nsiitioiKH.     The  letUTiu*?  iudiciVt<*»  tlu-  colors  of 

qjectrum.     Tht?   diajjrAin   indiratfH  by  Ihf   Jumk^iI  <T  Oit-  tnirvf  to  what  i*xU'iit  thf  st-vi'ml 
Umry  aein&tioDS  of  ctdor  Jiiv  *^xciti*J  tiy  vihraOoTis  of  diflfi'iv'Dt  unvr  li'ti^^liH. 
Wig.  485v— Diftgrani  of  tlw  variouit  tiiuitilt"  and  c<:mi|Mniii(t  colors  n-f  li^'hU  tiud  thotst*  wlilch  are 
l^NliieiitAl  *>f  eat'h  oLh**r,  j,t\.  which,  when  mixcij.  pr<.»duce  a  neutral  >rray  tiut.     The  tlir*^ 
pie  colors^  red,  yellow,  and  blue,  are  |ila«?u<l  at  the  aiiKl«'»  of  iin  i»quilatt*riil  trianplc,  which 

eonoected  toifeUicr  by  nieanii  of  a  clruU*;  the  i]iixt>4l  ctilorw,  k^***^'.  orauifc,  and  vhdet.  rfnf* 
Wd  Intermediate  l>ftwe<*n,  th**  twm^iKHJcliue  j<tmple  or  honjojr<'neoTjH  ixdors;  and  the  tom- 
Heotal  coWns,  of  which  tli*^  piji^iiiculi?,  wht'ti  mii:*H;l,  wctuld  civiiKtitutcaKray,  and  of  which  th« 
Biuitfc  spi-ctra  would  to>reth*^r  prcwhice  a  whlt^*  lltrht,  will  l>e  fouiid  to  \m*  pl(i«>cd  in  each  case 
oslte  to  each  oth«?r^  but  cunni'cb'd  by  a  line  itaftniuK  throutfh  Uu^cetitrt^tif  tlie  circle-.     The-  fle- 

to  ftlao  useful  in  showinj^  the  further  Khtides  of  ctdor  which  an*  i-onnpJenientary  of  each 
W.  If  tht?;  circle  Ix*  supposed  to  eotUAin  ev**ry  transit iou  of  tfdor  Ijelwei*!!  the  nix  marked! 
m,  those*  whirK  when  unkad^  yii*hl  a  whit*'  or  >:roy  *xdor.  will  alwayn  ht'-  found  dirt*€tly  op* 
Ibe  to  each  other;  thus,  for  example,  the  intermediate  tiwl  between  orange  and  red  in  com- 
siental  of  the  middle  tint  between  green  and  hlue. 

IBtance,  the  visual  sensation  is  gray;  but  in  the  other  pairs  when  this 
the  case,  no  sensation  occurs.  The  rays  of  tlie  spectrum  to  the  left 
^uce  changes  in  the  red-green  substance  only,  with  a  resulting  sensa- 
n  of  red,  while  the  (orange)  rays  further  to  the  right  ailect  both  the 
l-green  and  the  yellow-bhic  substances;  blue  rays  cause  constructive 
Uiges  in  the  yellow- blue  substances  but  none  in  the  red -green  and  so 
Tbese  changes  produced  in  the  visual  substances  in  the  retina  are 
*ceived  by  the  brain  as  sensjitiona  of  color. 
The  spectra  left  by  t!ie  images  of  white  or  luminous  objects  are 
linarily  white  or  lumi nnua ;  those  left  by  dark  objects  arc  ^lark.  8ome- 
^€fl,  however,  the  relation  of  the  light  and  dark  parts  in  the  image 
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may,  under  certain  circumstances,  be  reversed  in  the  spectrum;  iliit 
was  bright  may  be  dark,  and  what  was  dark  may  appear  light.  Thb 
occurs  whenever  the  eye,  which  is  the  seat  of  the  spectrum  of  a  luminoos 
object,  is  not  closeii,  but  fixed  upon  another  bright  or  white  surface,  u 
a  white  wall,  or  a  sheet  of  white  paper.  Hence  the  spectrum  of  theson, 
which,  while  light  is  excluded  from  the  eye,  is  luminous,  appears  bUd[ 
or  gray  when  the  eye  is  directed  upon  a  white  surface.  The  explanation 
of  this  is,  that  the  part  of  the  retina  which  has  received  the  luminous 
image  remains  for  a  certain  period  afterward  in  an  exhausted  or  lea 
sensitive  state,  while  that  which  has  received  a  dark  image  is  in  u 
unexhausted,  and  therefore  much  more  excitable  condition. 

The  ocular  spectra  which  remain  after  the  impression  of  colored  ob- 
jects upon  the  retina  are  always  colored ;  and  their  color  is  not  that  of 
the  object,  or  of  the  image  produced  directly  by  the  object,  but  the  oppo- 
site, or  complemental  color.  The  spectrum  of  a  red  object  is,  therefore, 
green ;  that  of  a  green  object,  red ;  that  of  violet,  yellow;  that  of  yellow, 
violet,  and  so  on.  The  reason  of  this  is  obvious.  The  part  of  the 
retina  which  receives,  say,  a  red  image,  is  wearied  by  that  particultf 
color,  but  remains  sensitive  to  the  other  rays  which  with  red  makeup 
white  light;  and,  therefore,  these  by  themselves  reflected  from  awhile 
object  produce  a  green  hue.  If,  on  the  other  hand,  the  first  object 
looked  at  be  green,  the  retina  being  tired  of  green  rays,  receives  a  red 
image  when  the  eye  is  turned  to  a  white  object.  And  so  with  the  other 
colors;  the  retina  while  fatigued  by  yellow  rays  will  suppose  an  object  to 
be  violet,  and  t'ice  verm;  the  size  and  shape  of  the  spectrum  correspond- 
ing with  the  size  and  shape  of  the  original  object  looked  at.  The  colon 
which  thus  reciprocally  excite  each  other  in  the  retina  are  those  placed 
at  opposite  points  of  the  circle  in  fig.  435.  The  peripheral  parts  of  the 
retina  do  not  react  to  rays  of  red.  The  area  of  the  retina  ^hich  is 
capable  of  receiving  impressions  of  color,  and  therefore  the  field  of 
vision,  is  slightly  difForent  for  each  color. 

Color  BUndnpHS  or  IhtUoniwu — Daltonism  or  color-blindness  is  a  br 
no  means  uncommon  visual  defect.  One  of  the  commonest  forms  i?  the 
inability  to  distinguish  lietween  red  and  green.  The  simplest  explana- 
tion of  such  a  condition  is,  that  the  elements  of  the  retina  which  reeei^' 
the  impression  of  red,  etc.,  are  absent,  or  very  imperfectly  developed,  or, 
according  to  the  other  theory,  that  the  red -green  substance  is  absent 
from  the  retina.  Other  varieties  of  color  blindness  in  which  the  othff 
color-perceiving  elements  arc  absent  have  been  shown  to  exist  occasionallj. 

The  Reciprocal  Action  of  Different  Parts  of  the  Retixa. 

Although  each  elementary  part  of  the  retina  represents  a  distinct 
portion  of  the  field  of  vision,  yet  the  dilTerent  elementary  parts,  orsenfl* 
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oints  of  tliat  membrane,  bave  a  certain  influence  on  each  other; 
articular  coaditioii  of  one  inlluencin^  the  other,  so  tluit  the  image 
ved  by  one  part  is  modified  by  the  image  depicted  in  tbu  other, 
henotnena  which  result  from  this  relation  between  the  different 
>f  the  retina,  may  i>e  arranged  in  two  classes:  the  one  including 
where  the  condition  existing  in  the  greater  extent  of  the  retina  ia 
ted  to  the  remainder  of  tliat  membrane;  the  other,  consisting  of 
in  whicii  the  condition  of  the  larger  portion  of  the  retina  excites, 
less  extensive  portion,  the  opposite  condition. 
When  two  opposite  impressions  occur  in  contiguous  parts  of  an 
on  the  retina,  the  one  impression  is,  under  certitin  circumstancea, 
ed  by  the  otlier.  If  the  impressions  occupy  e^ich  one-bali  of  the 
,  this  does  not  take  place;  for  in  that  cnce,  tbeir  actions  are  equally 
ed.  But  if  one  of  the  impressions  occupies  only  a  small  parr  of 
tina,  and  the  other  tlie  greater  part  of  its  surface,  the  latter  may, 
5  continued,  extend  its  influence  over  the  whole  retina,  bo  that 
positc  less  extensive  impression  is  no  longer  perceived,  and  its 
becomes  occupied  by  the  same  sensation  as  tlie  rest  of  the  field  of 
,  Thus,  if  we  fix  the  eye  for  some  time  npon  a  strip  of  colored 
lying  npon  a  white  surface,  the  image  of  the  colored  object,  espe- 
when  it  falls  on  the  lateral  parts  of  the  retina  will  gradually  dis- 
\  and  the  white  surface  be  seen  in  its  place. 

In  the  second  chtss  of  phenomena,  the  affection  of  one  part  of  the 
influences  that  of  another  part,  not  in  such  a  manner  as  to  ob- 
e  it»  but  so  as  to  cause  it  to  become  tlie  contrast  or  opposite  of 
Thus  a  gray  spot  upon  a  w^hite  ground  appears  darker  than  the 
jnt  of  gray  would  do  if  it  alone  occupied  the  whole  field  of  vision, 
shadow  is  always  rendered  deeper  when  the  light  wdiich  gives  rise  to 
)mes  more  intense,  owing  to  the  grertter  contrast. 
le  former  phenomena  ensue  gradually,  and  only  after  the  images 
►een  long  fixed  on  the  retina;  the  latter  are  instantaneous  in  their 
ction,  and  are  permanent. 

the  same  way»  also,  colors  may  l^c  produced  hy  contrast.  Thus,  a 
mall  dull  gray  strip  of  paper,  lying  upon  an  extensive  surface  of 
nght  color,  does  not  ap|>ear  gray,  but  has  a  faint  tint  of  the  color 
is  the  complement  of  that  of  the  surrounding  surface.  A  atrip 
ty  paper  npon  a  green  field,  for  example,  often  appears  to  have 
of  rod,  and  when  lying  upon  a  red  surface,  a  greenisb  tint;  it  has 
inge-colored  tint  npon  a  bright  blue  surface,  and  a  bluish  tint 
ta  onmge- colored  surface;  a  yellowish  color  upon  a  bright  violet^ 
riolet  tint  upon  a  bright  yellow  surface.  The  color  excited  thus,  as 
xast  to  the  exciting  color,  beinp:  wholly  independent  of  any  rai^  of 
rreaponding  color  acting  from  without  upon  the  retina,  must  arise  aa 
47 
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an  opposite  or  antagonistic  condition  of  that  membrane;  andtheoppoate 
conditions  of  which  the  retina  thus  becomes  the  subject  would  seem  to 
balance  each  other  by  their  reciprocal  reaction.  A  necessary  coBditioii 
for  the  production  of  the  contrasted  colors  is,  that  the  part  of  theietioi 
in  which  the  new  color  is  to  be  excited,  shall  be  in  a  state  of  comparatiie 
repose ;  hence  the  small  object  itself  must  be  gray.  A  second  condition 
is,  that  the  color  of  the  surrounding  surface  shall  be  very  bright,  that  is, 
shall  contain  much  white  light. 

Binocular  Vision. 

Although  the  sense  of  sight  is  exercised  by  the  two  eyes,  yet  the  in- > 
pression  of  an  object  conveyed  to  the  mind  is  single.  Various  tbeoriei: 
have  been  advanced  to  account  for  this  phenomenon. 

By  Gall  it  was  supposed  that  we  do  not  really  employ  both  eyes  ri- 
multaneously  in  vision,  but  always  see  with  only  one  at  a  time.  Thii 
especial  employment  of  one  eye  in  vision  certainly  occurs  in  pereonft 
whose  eyes  are  of  very  unequal  focal  distance,  but  in  the  majority  of 
individuals  both  eyes  are  simultaneously  in  action,  in  the  perception  d 
the  same  object ;  this  is  shown  by  the  double  images  seen  under  certain 
conditions.  If  two  fingers  be  held  up  before  the  eyes,  one  in  front  of 
the  other,  and  vision  bo  directed  to  the  more  distant,  so  that  it  is  seen 
singly,  the  nearer  will  appear  double;  while,  if  the  nearer  one  be 
regarded,  the  most  distant  will  be  seen  double ;  and  one  of  the  double 
images  in  each  case  will  be  found  to  belong  to  one  eye,  the  other  to  the 
other  eye. 

Diplopia. — Single  vision  results  only  when  certain  parts  of  the  two  i 
retinae  are  affected  simultaneously;  if  different  parts  of  the  retina  i^i 
ceive  the  image  of  the  object,  it  is  seen  double.  This  may  be  readilT 
illustrated  as  follows : — the  eyes  are  fixed  upon  some  near  object,  and  ow 
of  them  is  pressed  by  the  thumb  so  as  to  be  turned  slightly  in  or  out;  tf» 
images  of  the  object  (Diplopia)  are  at  once  perceived,  just  as  is  frequentlf 
the  case  in  persons  who  squint.  This  diplopia  is  due  to  the  fact  that  the^ 
images  of  the  object  do  not  fall  on  corresponding  points  in  the  two 
retina. 

The  parts  of  the  retinae  in  the  two  eyes  which  thus  correspond  ti 
each  other  in  the  property  of  referring  the  images  which  affect  theUi 
simultaneously  to  the  sam^  spo  in  the  field  of  vision,  are,  in  man,  jnai^ 
those  parts  which  would  correspond  to  each  other,  if  one  retina 
placed  exactly  in  front  of,  and  over  the  other  (as  in  fig.  436).  Wa^ 
as  we  have  noticed  in  speaking  of  the  distribution  of  the  optic  nert^ 
fibres,  the  temporal  portion  of  one  eye  corresponds  to,  or,  to  use  a  better, 
term,  is  identical  with  the  nasal  portion  of  the  other  eye;  or  a  of  ti* 
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L  (fig.  436),  with  a  of  the  eye  B.  The  upper  part  of  one  retina  is 
identical  with  the  upper  part  cif  the  other;  and  the  lower  parts  of 
\bwQ  eyea  are  identical  with  each  other.  The  distribution  of  the  optic 
^fibres  correspond  with  their  distrihution.  The  identical  points  on 
upper  and  lower  parts  of  the  retinae  ma¥  also  be  shown  bj  the  fol- 
ing  simple  experiment, 

Preasure  upon  any  part  of  the  ball  of  the  eye,  so  as  to  affect  the  retina, 
duces  a  Inminous  circle,  seen  at  the  opposite  side  of  the  held  of  vision 
tliit  on  which  the  pressure  is  made.  If,  now,  in  a  dark  room,  we 
iBwith  the  finger  at  the  upper  part  of  one  eye,  and  at  the  lower  part 
Lhe  other,  two  luminous  circles  are  seen,  one  abHjve  the  other;  so, 
t  two  figures  are  seen  when  pressure  is  made  si  rani  tan  eon  sly  on  the 
outer  or  the  two  inner  sides  c»f  lioth  eyes.  It  is  certain,  therefore, 
;  neither  the  upper  part  of  one  retina  and  the  lower  part  of  theotlier 
identicaU  nor  the  outer  lateral  parts  of  the  two  retinae,  nor  their 
ir  lateral  portions.     But  if  pressure  be  made  with  the  fingers    upon 


Tig. 


L— Diagriitii  to  show  the  aorre&pottdinR  parts  or  both  rpttna. 


i  ejes  simultaneously  at  their  lower  part,  one  luminous  ring  is  seen 
16  middle  of  the  upper  part  of  the  tield  of  vision;  if  the  pressure  be 
ied  to  the  upper  part  of  both  eyes  a  single  luminous  circle  is  seen  in 
middle  of  the  field  of  vision  below.  So,  also,  if  we  press  upon  the 
^  side  a  of  the  eye  A,  and  upon  the  inner  side  a'  of  the  eye  b,  a 
le  spectrum  is  produced,  and  is  apparent  at  the  extreme  right  of  the 

of  vision;  if  upon  the  point  b  of  one  e3'e,  and  the  point  b'  of  the 
ar,  a  single  spectrum  is  seen  to  the  extreme  left. 
The  spheres  of  the  two  retina  may,  therefore,  be  regarded  as  lying 
over  the  other,  as  in  c,  fig.  43t>;  so  that  the  left  portion  of  one  eye  lies 

the  identical  left  portion  of  the  other  eye,  the  right  portion  of  one 
over  the  identical  right  portion  of  the  other  eye;  and  with  the 
ir  and  lower  portions  of  the  two  eyes,  a  lies  over  a\  b  over  ¥,  and  e 

</,  The  points  of  the  one  retina  intermediate  between  a  and  c  are 
n  identical  with  the  corresponding  points  of  the  other  retina  between 
id  c';  those  between  h  and  c  of  the  one  retina,  with  those  between  b' 

e'  of  the  other.  If  the  axes  of  the  eyes,  A  and  B  (fig.  437),  be  so 
Csted  that  they  meet  at  «,  an  object  at  a  will  be  seen  singly,  for  the 


740 


HANDBOOK   OF  PHYSIOLOGY. 


i 


point  a  of  the  one  retina,  and  a'  of  the  other  are  identical.    So,  alao,! 
the  object  i?  be  so  situated  that  its  image  falls  in  both  eyes  at  the 
distance  from  the  central  point  of  the  retina, — namely,  at  h  in  the 
eye,  and  at  b'  in  the  other, — fi  will  be  seen  single,  for  it  affects  identid 
parts  of  the  two  retinae.     The  same  will  apply  to  the  object  y- 

In  quadrupeds,  the  relation  between  the  identical  and  non-identia 
parts  of  the  retina  cannot  be  the  same  as  in  man ;  for  the  axes  of  the 
eyes  generally  diverge,  and  can  never  be  made  to  meet  in  one  point  ( 
an  object.  When  such  an  animal  regards  an  object  situated  diredlyi 
front  of  it,  the  image  of  the  object  must  fall,  in  both  eyes,  on  the  oat 
portion  of  the  retinaB.  Thus  the  image  of  the  object  a  (fig.  438)  will  t 
at  a'  in  one,  and  at  a'  in  the  other:  and  these  points  a'  and  a'  must 
identical.     So,  also,  for  distinct  and  single  vision  of  objects,  &  or  c,  i 


Fig.  487. 


Fig.  438. 


Fig.  437.— Diagram  to  show  the  simultaneous  action  of  the  eyes  in  viewing  objects  in 
ferent  directions. 

Fig.  438.  —Diagram  to  show  the  corresponding  parts  of  the  retina  in  the  horse. 

points  b'  and  b'  or  c'  c'^  in  the  two  retinae,  on  which  the  images  of  tl: 
objects  fall,  must  be  identical.  All  points  of  the  retina  in  each 
which  receive  rays  of  light  from  lateral  objects  only,  can  have  no  coi 
spending  identical  points  in  the  retina  of  the  other  eye;  for  othen 
two  objects,  one  situated  to  the  right  and  the  other  to  the  left,  wo 
appear  to  lie  in  the  same  spot  of  the  field  of  vision.  It  is  proba 
therefore,  that  there  are  in  the  eyes  of  animals,  parts  of  the  ret 
which  are  identical,  and  parts  which  are  not  identical,  i.e.,  parts  in 
which  have  no  corresponding  parts  in  the  other  eye.  And  the  rek 
of  the  two  retinsB  to  each  other  in  the  field  of  vision  may  be  represei 
as  in  fig.  439. 

The  cause  of  the  impressions  on  the  identical  points  of  the  two  rel 
giving  rise  to  but  one  sensation,  and  the  perception  of  a  single  im 
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t  either  lie  in  the  atruetural  organization  of  the  deeper  or  cere- 
(  portion  of  the  visual  apparatag,  or  be  the  result  of  a  mental  opera- 
t;  for  in  no  other  case  is  it  the  property  of  the  correspond intr  nerves 
pfce  two  sides  of  the  body  to  refer  their  sensations  as  one  to  one  spot. 


L 


any  attempts  have  been  made  to  explain  this  remarkable  relation 
reen  tbe  eyes,  by  referring  it  to  anatomical  relation  between  the 
m  nerves.  The  circumstance  of  the  inner  portion  of  the  fibres  of  the 
optic  nerves  decussating  at  the  commissure,  and  passing  to  the  eye 
be  opposite  side,  while  the  outer  portion  of  the  fibres  continue  their 
■9  to  the  eye  of  the  same  side,  so  that  the  left  side  of  both  retime  is 
led  from  one  root  of  tbe  nerves,  and  the  right  side  of  both  retinae 
I  the  outer  root,  naturally  led  to  an  attempt  to  explain  the  phenomenon 
pis  distribution  of  the  fibres  of  the  nerves.  And  thin  explanation  is 
red  by  cases  in  wbich  the  entire  of  one  side  of  t!ie  retina,  as  far  as 
f;entral  point  in  both  eyes,  sometimes  becomes  insensible.  But 
|er  has  endeavored  to  show  the  inadeqoatenessof  this  theory  to  ex- 
I  the  phenomenon,  im\em  it  be  supposed  that  each  fibre  in  each  cere- 
portion  of  the  optic  nerves  divides  in  the  optic  commissure  into  two 
A  B  r 


lOL^Diasi'&iiid  to  1UustTiit«  three  tliiH»t'JL'«i  to  explain  ttu?  netton  of  otynunetrlcaJ  part/"  of 

the  retina, 

fthes  for  the  identical  points  of  the  two  retinae,  as  is  shown  in  a, 
140.  But  there  is  no  foundation  for  such  suppoaition. 
ly  another  theory  it  is  jissumed  that  each  optic  nerve  contains  exactly 
imne  number  of  fibres  as  the  other,  and  that  the  corresponding  fibres 
Id  two  nerves  are  united  in  the  sensorium  (as  in  fig,  440,  b).  But 
lis  theory  no  account  h  taken  of  the  partial  decussation  of  the  fibrei 
la  nerves  in  the  optic  commisKiirc. 
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According  to  a  third  theory,  the  fibres  a  and  a\  fig.  440,  c, 
from  identical  points  of  the  two  retinae,  are  in  the  optic  com 
brought  into  one  optic  nerve,  and  in  the  brain  either  are  unit 
loop,  or  spring  from  the  same  point.  The  same  disposition  pr 
the  case  of  the  identical  fibres  b  and  b'.  According  to  this  tti( 
left  half  of  each  retina  would  be  represented  in  the  left  hemis 
the  brain,  and  the  right  half  of  each  retina  in  the  right  hemisp 

Another  explanation  is  founded  on  the  fact,  that  at  the  ante 
of  the  commissure  of  the  optic  nerve,  certain  fibres  pass  acroes 
distal  portion  of  one  nerve  to  the  corresponding  portion  of 
nerves,  as  if  they  were  commissural  fibres  forming  a  connection 
the  retinae  of  the  two  eyes.  It  is  supposed,  indeed,  that  these  f 
connect  the  corresponding  parts  of  the  two  retinae,  and  may  thi 
their  unity  of  action ;  in  the  same  way  that  corresponding  par 
cerebral  hemispheres  are  believed  to  be  connected  together  by 
missural  fibres  of  the  corpus  callosum,  and  so  enabled  to  exerci» 
function. 

Judgment  of  Solidity. — On  the  whole,  it  is  probable,  that 
of  forming  a  single  idea  of  an  object  from  a  double  impression 


Fi{?.  441.— Diagrams  to  illustrate  bow  a  judgment  of  a  figure  of  three  dimensions 

by  it  to  the  eyes  is  the  result  of  a  mental  act.  This  view  is  i 
by  the  same  facts  as  those  employed  by  Wheatstone  to  show 
power  is  subservient  to  the  pur])ose  of  obtaining  a  right  perc 
bodies  raised  in  relief.  When  an  object  is  placed  so  near  the 
to  view  it  the  optic  axes  must  converge,  a  different  perspecti 
tion  of  it  is  seen  by  each  eye,  these  perspectives  being  more  di 
tlie  convergence  of  the  optic  axes  becomes  greater.  Thus,  if 
of  three  dimensions,  an  outline  cube,  for  example,  beheld  at{ 
distance  before  the  eyes,  and  viewed  with  each  eye  successively 
head  is  kept  perfectly  steady,  A  (fig.  441)  will  be  the  picture 
to  the  right  eye,  and  B  that  seen  by  the  left  eye.  Wheatstone 
that  on  this  circumstance  depends  in  a  great  measure  our 
of  the  solidity  of  an  object,  or  of  its  projection  in  relief.  I 
perspective  drawings  of  a  solid  body,  one  representing  the  ima 
the  right  eye,  the  other  that  seen  by  the  left  (for  example,  th 
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ciik"»  A,  B,  fig.  441)  be  preseiitetl  to  corresponding  parts  of  the  two 
i»,  us  may  be  readily  done  by  means  of  the  stereoscope,  the  mind 
perceive  not  merely  a  single  representation  of  the  object,  but  a  body 
ecting  in  relief ,  the  exact  counterpart  of  that  from  which  the  draw- 
I  were  made. 

By  transposing  Uvo  stereoscopic  pictures  a  reverse  effect  is  produced; 
elevated  parts  appear  to  be  depressed,  and  vice  vtrsd.  An  instru- 
t  contrived  with  this  purpose  is  termed  a pseitdmcope.  Viewed  with 
instrument  a  bust  appears  as  a  hollow  mask,  and  as  may  readily  be 
jined  the  effect  is  most  bewildering, 

rhere  can  be  no  doubt  in  order  that  the  image  of  an  object  should  fall 
i  corresponding  points  in  the  two  retime,  it  is  essential  that  the  move- 
a  of  the  eyes  should  be  accurately  co-ordinated,  and  the  method  of 
co-ordination  is  not  so  easily  understood  when  examined  carefully. 
I,  suppose  the  eyes  be  directed  downward  and  to  the  left.  On  the  left 
the  inferior  rectus,  the  external  rectus,  and  the  superior  oblique 
d  contract,  and,  on  the  right  side  the  inferior  rectus,  internal  rectus, 
superior  oblique.  In  other  words,  a  different  set  of  muscles  on 
r  side,  and  supplied  to  a  certain  extent  by  different  nerves.  There 
be  some  co-ordinating  centre  for  tiiese  binocular  movements.  It  is 
^ht  that  this  centre  is  localized  in  the  anterior  corpus  quadrigemi* 
,  since  stimulation  of  it  causes  conjugal  lateral  movcmeutof  the  visual 
to  the  opposite  side,  and  stimulation  at  another  spot  produces  move- 
s  downward  and  iuw^ard.  The  posterior  longitudinal  bundle  of  fibres 
ibed  as  found  in  the  pons  and  crus,  appears  to  be  concerned  in  some 
rith  the  simultaneous  movement  of  the  eyes;  it  appears  to  unite  the 
*i  of  the  three  nerves  to  the  ocular  muscles,  the  sixth,  fourth,  and 
.  In  it  are  said  to  be  contained  fibres  from  the  sixth  nerve  of  the 
rite  side  which  go  to  the  nucleus  of  the  third  nerve  of  the  same  side; 
this  would  serve  to  connect  the  nerve  supply  of  the  internal  rectus 
e  side,  and  the  external  rectus  of  the  other  side.  It  appears,  how- 
that  there  is  no  evidence  to  assume  that  the  fibres  of  the  sixth 
1  decussate,  but  those  of  the  fourth  nerve  do  entirely,  and  those  of 
bird,  partially. 
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CHAPTER  XVin. 

THE    REPRODUCnVE    ORGANS. 

Before  describing  thoDiethod  of  Reproduction,  or  the  way  which  tbe  | 
ipecies  is  propagated,  it  will  he  advisable  to  describe 

The  Genital  Organs  of  the  Female. 

The  female  organs  of  geueration  (fig.  442)  consist  of  two  twaru 
function  of  whioh  is  the  formation   of  ova;  of  a  Fallopian  iub$^ 
mndiict^  connected  with  each  ovary,  for  the  purpose  of  conducting  thi I 
ovum  from  the  ovary  to  the  uterus  in  the  cavity  of  which,  if  impreg-l 
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F\k.  442,  —  Diajjrmmtjifttk'  view  of  tiie  utpnm  am!  (tn  appendairet,  u  sew  from  behlntt 
ntems  am]  xipp*!»r  part  of  thti  vajjina  htiv*«  lu^n  laid  open  by  remoTlnar  the  po«t«riijr  ''*J'j'* 
KttUnplfin  tnlw»,  rouml  ligament,  and  ovn^rieiu  lisranient  baveljeeo  cut  wort,  ami  tlw  bro»A  IiCJ' 
meot  reumvwl  on  the  left  siile:  h,  tho  upiivr  part  of  tbo  yterus;  c,  the  cervix  oppoAit^  '^^^JJiJ 
tommxr:  tbw  trioaRulor  ahAf>e  of  tbo  iitrrine  cavity  in  flhown,  and  the  diUitJktioii  of  tJie  cr****™ 
cavity  with  the  rugto  tennetl  arlMitr  vita*;    v,  upper  part  of  the  voirinn;  <xL,  Fallopiftn* 
oTJduci;  the  Qarrow  communieatiun  «»r  h<  ,  nvity  with  that  of  the  corau  of  the  uteni»on«. 
side  1»  soon;  h  round  ligament;  to.  1  '  th<s  ovwy;  o,  ovury;  i,  wide  outer  pitf*  « ^J 

rf^ht  Fattopliu)  tulK*:  ^,  its  fimbria'  ay;  po,  parovarium;  ^,  one  of  the  feydaMOi » 

QBenUy  found  coQnt?ct*^l  wUh  tiirt  bn..  L„_  :    nt.    >^.     ( A Ueo  Thomson.) 

Dated,  it  is  retained  until  tlit*  embryo  is  fully  developed,  and  fitted  i 
maintain  ifcs  existence   independently  of  internal  connection  with 
parent;  and,  Isistly,  of  a  cunal^  or  vaffina,  with  its  appendages,  fort 
reception  of  a  male  organ  in  the  act  of  copulation,  and  for  the  mh 
discharge  of  the  foetus. 

The  Ovaries* — ^The  ovaries  are  two  oval  compressed  bodies,  gitoat^ 
in   the  cavity  of  the  pelvig,  one  on  each  side,  and  are  adherent  tot 
posterior  surface  of  the  broad  ligament  bv  their  anterior  border    l^"] 
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Inier  of  the  ovary  is  called  the  hilum,  and  it  iw  at  this  point  timt  thti 
t>od-veaBels  and  nerves  enter  it.  Each  ovary  measiires  ahont  an  incli 
l.d  a  half  in  length  {*^,75  cm,),  three  quarters  of  an  inch  in  width 
^.86  cm.),  and  nearly  half  an  inch  {1.25  cm.)  in  thickness,  and  is 
itachod  to  the  uterus  by  a  narrow  fibrous  cord  (the  ligament  of  the 
^ary),  and^  more  slightly,  to  the  Fallopian  tubes,  by  one  of  the  fimbria? 
^to  which  the  walls  of  the  extremity  of  the  tube  expand. 

Siru(^iure. — A  layer  of  condensed  connective  tissue,  called  the  tunica 
^tginea^  siirronnds  the  ovary,  and  this  is  covered  on  the  outside  by  epi- 
Shelium  (germ-epithelium),  the  cells  of  which  although  continuous  with» 


Tig.  44a. — view  of  ft  RfcUoa  of  thf  ovary  of  the  cat,     1,  oiiiter  covering  and  freo  bordor  of 

)  ovmry;  r,  attached  border;  2,  the  ovfirfan  Ktroraa,  prenentln^  » llbroiis  and  vaacnlar  Btnict- 

,  &,  graDular  sub^tanee  lyin^  ext^^rDril  to  the  ribroua  stroma;  4,  blood-veflselfl;  6,  ovigemm  in 

r  earllesi  atones  cicciipyia^  a  port  of  the  iirraiiiilar  layer  netir  the  aurfaoe;  6«  ovi^erms  wbich 

ipm  to  eoLarf^  and  to  paaa  more  deeply  into  tne  ovan"*    7*  ovigerms  round  whirh  th** 

I  follicio  and  tunica  granuloaa  are  now  formed,  and  which  have  panned  somewhat  decjier 

tJie  ovary  and  are  Burrounded  by  the  flhronM  Ktronm ;  8,  more  advanced  Qraaflau  foUirle 

Ilt2i  the  ovum  inibetld<*d  in  the  layer  of  cells  eonstftiitinjc  the  proltperoiiA  disc;  D,  tlie  most  ad- 
Rkooed  follicle  cuutaininit;  the  ovum^  etc.  i  ^\  a  folUrle  from  which  tlit''  oviuh  ha«  aoeidenUiJl^ 
Itoaped;  10,  oorpuii  lut^nim.     x  ft.    {8chri5n.> 


d  originally  derived  from,  the  squamous  epithelium  of  the  peritoneum, 
short  columnar  (A,  fig,  444), 

The  internal  structure  of  the  organ  consists  of  a  peculiar  soft  fibrous 
e— a  kind  of  undeveloped  connective  tissue,  with  lon^^^  nuclei 
losely  resembling  un striped  muscle  (C,  fig. 44 4)— or  strojmty  tibundantly 
Applied  with  blood-vessels,  and  having  embedded  in  it, in  various  6tage« 
t  development,  Tmmerous  minute  follielefi  or  vesicles,  fcfie  Graafian 
^UicieSy  or  sacculi,  containing  the  ova  (fig,  444). 

I  If  the  ovary  be  examined  at  any  period  J>etween  early  infancy  and 
■ranced  age,  but  especially  during  that  period  of  life  in  which  the 
pwer  of  conception  exist'?,  it  will  he  found  to  contain  a  number  of 
flese  veaielea.  Immediately  after  the  tunica  albnginea  (fig<  444)  they 
Sfe  gmall  and  numerous,  either  arranged  as  a  coutinuous layer,  as  in  the 
rt  or  rabbit,  or  in  groups,  as  in  the  human  ovary.     These  small  follioleB 


Fig.  444.«<8ecili>u  of  thi^  ovury  of  a  cat.     A,  (^miinal  efitthelium;  B,  ImrmturB  Ojijjj  ] 
fblildd;  0,  itroanA  of  ovarv;  D,  vjitHUni^  membratie  iHrntalning  the  orum;   E,  Qrufifto  K!u>°> 
ihowlng  llolng  oellfi;  F,  folliL-lu!  from  which  the  ovum  has  f Allen  ouL     (V-  I**  Hmrrit) 

layer  of  nucleated  cella,  forming  u  kind  of  epithelium  or  inteniai  tunic,j 
imd  named  the  mmnbrnna  granuhm.     The  cavity  of  the  follicle  is! 
u|>  by  a  nucleated  iniiBs  of  protoplaBm  inclosed  in  a  very  delicate  vmA 
bmnc,  which  ia  the  Ovum.     The  large  spherical  nucleus  contains  oift J 
or   more  nucleoli.     The  nucleus  is  known  ba  ih^ gemiifutl  vmdty^ 
tht'  niirleolua  as  the  germinal  spot. 

The  centrul  portion  of  the  stroma  of  the  ovary  extends  from  thee 
tical  layer  to  the  hilum  of  the  organ,  at  which  enter  the  no 
arteries,  fibrous  tissue,  and  unatriped  muscle,  forming  a  highly  TascoU 
zona  vaaculosa.     Within  this  centnd  zone  are  contained  the  fully-devd 
ojwd  Graafian  follicle??,  varying  in  size  however,  but  considerably  larj 
thim   ihom  of  the   cortiral   layer.     In  these  follicles  the  cavity  is  i 
nearly  fiUeil   by  the  ovtun,  which  is  attached  at  one  side  to  the 
granulosa   by  a  collectit^n   of   small  colls,   the    discus   proligerta, 
remainder  of  the  cavity  being  fiUetl  with  fluid,  the  liquor  foUieulu 
enveiupc  of  the  ovum,   or   zona  ptilttcuia^  is  much    thicker.     The  zt^M*  I 
grtmulosa  is  formed  of  several  layers  of  cells,  insjleail  of  one  only.    Is  I 
membraua  propria  is  much  thicker,  so  as  to  form  a  distinct  fibrous  i 
vestment;  the  mmibrann  filfrom  and  the  blood-vessels  sarroundiug  it* 
liumcrous,  and  may  be  said  to  form  a  membrnna  vmcuhm  about  ii 

The  human  ovum  measures  about  yt^  ^^^  ^^^  mch  (about  ,2  mm,)  i 
diameter.     Its  external  investment,  or  the  zana  pdlucida^  or  viMi^ 
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rane,  is  a  transpareut  menibraiie,  about  ^^  of  an  ioch  (lO/i)  in 
hickness,  which  uoder  the  microscopic  appears  m  a  bright  ring  (fig. 
r45),  bounded  externally  and  internally  by  a  dark  outline.  Within  this 
runsparent  investment  or  zona  pellucida,  and  usually  in  close  contact 
riih  it,  lies  the  j/oik  or  riielfus^  which  is  composed  of  granules  and  glob- 
les  of  various  sizes,  imbedded  in  a  more  or  less  fluid  substance.  The 
[nailer  gra-iules,  which  are  the  more  iiumeroos,  resemble  in  their  appear- 
noe,  as  well  as  their  constant  motion,  pigment-granules.  The  larger 
ranules  or  glohules,  which  have  the  aspect  of  fat-glohules,  are  in 
reatest  number  at  the  periphery  of  the  yolk.  The  number  of  the  gran- 
iea  is  greatest  in  the  ova  of  carnivorous  animals.  In  the  human  ovum 
leir  quantity  is  comparatively  small. 

In  the  substance  of  the  yolk  is  imhedded  the  genninai  reside^  or  ves- 
*ula  gerniinativa,  ^^  of  an  inch  (.05  nun.)  (fig.  445).  The  vesicle  is  ol 
reatest  relative  size  in  the  snuillest  ova,  anil  is  in  them  surrounded 
losely  by  the  yolk,  nearly  in  the  centre  of  which  it  lies.  During  t!ie 
evelopment  of  the  ovum,  the  germinal  vesicle  increases  in  size  mnch  less 
apidly  than  the  yolk,  and  comes  to  be  placed  near  to  its  surface.  It 
ionsistsof  a  fine,  transparent,  structureless  membrane,  coutaiuing  a  clear, 
uterj  fluid,  in  wh;^h  are  sometimes  a  few  granules;  and  at  that  part  of 
ihe  periphery  of  the  germinal  vesicle  which  is  nearest  to  the  periphery  of 
the  yolk  id  situated  the  f/frminal  spuf^  or  macula  germinativa,  of  a  finely 
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^  Nucleus  or  germfnal  veslele. 
Nucleolus  or  gt^rnimai  spot. 

Space  left  by  retraction  of 
yolk. 

7--   Yolk  or  vtt«Uufl. 


VitvUlnt^  CDembraue. 


If.  449» — Semldiagrammatic  represent ioti  4 it   a  liutuan  ovum,  Hhowlng  the  parts  of  liti  iinimftl 

eelL    (Cadiat.) 

raniilated  appearance  and  of  a  yellowish  color,  strongly  refracting  the 
lys  of  light. 

Such  are  the  parts  of  whi<di  the  (irualian  follicle  and  its  conteuts, 
iciuding  the  ovum,  are  composed.  With  regard  to  the  mode  and  order 
^  development  of  these  parts  there  is  considerable  uncertainty. 

Tho  Graafian  follicles  are  formed  in  the  following  manner:— The  cm- 
ryonic  ovary  is  covered  with  ahort  columnar  cells,  or  the  so-called  germ- 
Lai  epithelium.  The  cells  of  this  layer  undergo  proliferation,  so  as  to 
^rm  several  strata,  and  grow  into  the  ovarian  stroma  as  longer  or  shorter 
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columns  or  tubes.  By  diegrees  these  tubes  become  cut  off  from  the  surface 
epithelium,  and  form  cell  nests,  small,  if  near  the  surface,  larger  if  in 
the  depth  of  the  stroma.  The  nests  increase  in  size  from  multiplication 
of  their  cells,  and  may  even  give  off  new  nests  laterally  by  constriction  of 
them  in  various  directions.  Certain  of  the  cells  of  the  germinal 
epithelium  enlarge,  and  form  ova;  and  the  formation  of  ova  also  takes 
place  in  the  nests  within  the  stroma.  The  ova  of  a  nest  may  multiply 
by  division.  Tiie  small  cells  of  a  nest  surround  the  ova,  and  form  their 
membrana  granulosa,  and  the  stroma  growing  up  separates  the  surrounded 
ova  into  so  many  Graafian  follicles.  The  other  layers,  namely,  the  mem- 
brana fibrosa  and  the  membrana  vasculosa,  are  derived  from  the  stroma. 

The  smallest  follicles  are  formed  at  the  surface,  and  makeup  the  cor- 
tical layer.  It  is  said  by  some  that  the  superficial  follicles  as  they  ripen 
become  more  deeply  placed  in  the  ovarian  stroma;  and,  again,  that  as 
they  increase  in  size,  they  make  their  way  toward  the  surface  (fig.  443). 

When  mature,  they  form  little  prominences  on  the  exterior  of  the 
ovary,  covered  only  by  a  thin  layer  of  condensed  fibrous  tissue  and  epithe- 
lium.    Only  a  few  follicles  ever  reach  maturity. 

From  the  earliest  infancy,  and  through  the  whole  fruitful  period  of 
life,  there  appears  to  be  a  constant  formation,  development,  and  matnr*- 


Fig.  44a.--OerTninal  epithelium  of  the  Kwrface  of  the  ovary  of  five  days'  chick,    a,  small  9^ 
blasts;  6,  larger  ovoblaHts.     (Cadiat.) 

tion  of  Graafian  vesicles,  with  their  contained  ova.  Until  the  period  of 
puberty,  however,  the  process  is  comparatively  inactive;  for,  previous t* 
this  period,  the  ovaries  are  small  and  pale,  the  Griuifian  vesicles  in  then; 
are  very  minute,  and  i)robably  never  attain  full  development,  but  eoon 
shrivel  and  disa])pear,  instead  of  bursting,  as  matured  follicles  do; 
the  contained  ova  are  also  incajiable  of  being  impregnated.  But,  ooin- 
oident  with  the  other  changes  which  occur  in  the  body  at  the  time  of 
puberty,  the  ovaries  enlarge,  and  become  very  vascular,  the  formation 
of  Graafian  vesicles  is  more  abundant,  the  size  and  degree  of  development 
attained  by  them  are  greater,  and  the  ova  are  capable  of  being  fecun- 
dated. 

The  Fallopian  Tubes  (Oviducts),— The  Fallopian  tubes  are  aboat 
four  inches  in  length  (10  cm.),  and  extend  between  the  ovaries  and  the 


upper  angles  of  the  uterus.  At  the  point  of  attachment  to  the  uterus, 
each  tube  is  very  nari'ow ;  but  in  its  course  to  tho  ovary  it  increases  to 
about  an  eighth  of  an  inch  (3  ram,)  iu  thickness;  at  its  distal  extremitj, 
irhiuli  is  free  and  floating,  it  binirs  a  number  of  Jtmbria\  cme  of  which, 
ImgQT  than  the  rest,  is  attached  to  the  ovary-  The  canal  by  which  each 
tube  is  traversed  is  narrow,  especially  at  its  point  of  entranoo  into  the 
uterus,  at  which  it  will  scarcely  admit  a  bristle;  its  otlier  extremity  is 
wider,  and  opens  into  the  cavity  of  the  abdomen,  surrounded  by  the  zone 
of  fimbriae.  Extenially,  the  Fallopian  tube  is  invested  with  peritoneam; 
internally,  its  canal  is  lined  with  raucous  membrane,  which  is  apt  to  be 
thrown  into  numerous  longitudinal  folds,  covered  with  ciliated  epitbe- 
linm:  between  the  peritoneal  and  mucous  coats  the  walls  are  cora posed, 
like  those  of  tlie  uterus,  of  librous  tissue  and  unstriped  muscular  fibres, 
iliiefly  circular  in  arrangeuicnt. 

The  Uterus. — The  uterus  («.  i\  fig.  442)  is  a  somewhat  pyriform 
haped  organ,  and  in  the  unim]>regnated  state  is  about  three  inches  (7,5 
m.)  in  length,  two  (5  cm,)  in  breadth  at  its  upper  part  or  ftnidtiSy  but  at 
ts  lower  pointed  part,  neck  or  cervix^  only  about  half  an  inch  (1,35  cm,), 
'be  part  between  the  fundus  and  neck  is  termed  the  body  of  the 
terus:  it  is  about  an  inch  (2.h  cm.)  in  thickness. 

Structure,- — The  uterus  is  constructed  of  three  principal  layers,  or 
>ats — serous,  fibrous  and  muscular,  and  mucous,  (a)  The  serous  coat, 
hich  has  the  same  general  structure  iis  the  peri  ton  eumj  covers  the 
pgan  before  and  behind,  but  is  absent  from  tho  front  surface  of  the 
eck.  (b)  The  middle  coat  is  composed  of  uustriped  muscle,  arranged 
1  the  human  uterus  in  tfu'ee  layers  from  without  inward,  longitudinal, 
ircular,  oblique  and  circular.  They  become  enormously  developed  dur- 
Og  pregnancy.  The  arteries  and  veins  are  found  in  large  numbers  in 
he  outer  part  of  their  coat,  so  as  to  form  almost  a  special  vascular  coat. 
c)  The  mticoii4i  raerabrano  of  the  uterus  is  lined  by  columnar  ciliated 
epithelium,  which  extends  also  to  the  interior  of  the  tubular  glands,  of 
which  the  mucous  membraue  is  largely  made  up. 

In  tho  cervix  uteri  the  mucous  merabrane  is  arranged  in  permanent 
^J\^\i\\d'\n^\  io\^^^  palmw plicaim.  The  glands  of  this  part  are  of  the 
►ub [do- racemose  type,  branching  repeatedly  and  extending  deeply  into 
lie  substance  of  the  cervix*  They  are  lined  by  columnar  epithelium, 
Lud  open  on  the  ridges  and  furrows  of  the  raucous  merabrane.  They 
ecrete  a  thick  glairy  raucus,  resembling  unboiled  white  of  egg. 

The  mucous  membrane  of  the  cavity  of  the  body  of  the  uterus 
orms  a  thin  membrane  about  4^  inch  {1  mm.)  thick,  and  is  covered  on  its 
iirface  by  columnar  ciliated  epithelium.  Imbedded  in  its  substance  are^ 
umerous  simple  tubuhir  glands  set  somewhat  obliquely  and  lined  with 
oliunnar  ciliated  epithelium.       These  glands  often  bifurcate  at  their 


■ 
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lower  ends.     The  glands  are  imbedded  iu  a  delicate  connecti?e  tissae, 
consisting  of  round  and  spindle-shaped  cells. 

The  cavity  of  the  uterus  corresponds  in  form  to  that  of  the  orgm 
itself:  it  is  very  small  in  the  uuimprcgnated  state,  the  sides  of  its  mucoiis 
surface  being  almost  in  contact.  Into  its  upper  part,  at  each  side,  opens 
the  canal  of  the  corresponding  Fallopian  tube:  below,  it  communicates 
with  the  vagina  by  a  fissure-like  opening  in  its  neck,  the  os  uteris  the 
margins  of  which  are  distinguished  into  two  lips,  an  anterior  and  pos- 
terior. 

The  Vagina  is  a  membranous  canal,  five  or  six  inches  (12.6  to  15 
cm.)  long,  extending  obliquely  downward  and  forward  from  the  neck 
of  the  uterus,  which  it  embraces,  to  the  external  organs  of  generation. 
It  is  lined  with  mucous  membrane,  covered  with  stratified  squamoos 
epithelium,  which  in  the  ordinary  contracted  state  of  the  canal  is  thrown 
into  transverse  folds.  External  to  the  mucous  membrane  the  walls  of 
the  vagina  are  constructed  of  unstriped  muscle  and  fibrous  tissue, 
within  which  in  the  submucosa,  especially  around  the  lower  part  of  the 
tube,  is  a  layer  of  erectile  tissue.  This  exists  also  in  the  mucosa.  The 
lower  extremity  of  the  vagina  is  embraced  by  an  orbicular  muscle,  the 
sphincter  vaginm;  its  external  orifice,  in  the  virgin,  is  partially  closed  by 
a  fold  or  ring  of  mucous  membrane,  termed  the  hymen.  The  external 
organs  of  generation  consist  of  the  clitoris,  a  small  elongated  bodv, 
situated  above  and  in  the  middle  line,  and  constructed  of  two  erectile 
masses  or  corpora  cavernosa.  They  are  not  perforated  by  the  urethra: 
of  two  folds  of  mucous  membrane,  termed  labia  interna,  or  nymphcs;  ami. 
in  front  of  these,of  two  other  folds,  the  labia  extertm,  or  pudefida,  formed 
of  the  external  integument,  and  lined  internally  by  mucous  membrane. 
Between  the  nympha?  and  beneath  the  clitoris  is  an  angular  space,  term^' 
the  vestibule,  at  the  centre  of  whose  base  is  the  orifice  of  the  meatv^ 
vrinariiis.  Numerous  mucous  follicles  are  scattered  beneath  the  mucous 
membrane  composing  these  parts  of  the  external  organs  of  generation; 
and  at  the  side  of  the  lower  part  of  the  vagina  are  two  larger  lobulati-d 
glands,  vulvo-vaginal  or  Duverney's  glands,  which  are  analogous  to  Coo- 
per's glands  in  the  male.  The  ducts  of  these  glands  are  about  |  inch 
(12.5  mm.)  long  and  open  immediately  external  to  the  hymen  at  the 
mid-point  of  the  lateral  wall  of  the  vaginal  orifice.  The  vulvo-vaginid 
glands  secrete  a  thick  brownish  mucus. 

The  Genital  Organs  op  the   Male. 

The  male  organs  of  generation  comprise  the  two  Testes,  in  which 
the  semen  is  formed;  each  with  a  duct,  the  Vas  Deferens,  and  accessorr 
Vesicula  Seminulis;  the  Penis,  an   erectile  organ,   through  which  the 
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en  as  well  as  the  crint^  18  disohurged.  The  Pro^iatr  (jland^  the 
feiact  function  of  which  is  not  understood,  is  generally  inehided  in  the 
Bam  a  class. 

The  Testes* — The  secreting  structure  of  the  testicle  and  its  diK^t 
Ire  disposed  of  in  two  contiguous,  parLs  (1)  the  body  of  the  testicle  projuT, 
tcclosed  within  a  thick  and  tough  white  fibrous  membrane,  the  iunien 
tlbufjinea^  on  the  outer  surface  of  which  is  the  serous  c«»veriug  formed  by 
the  tunica  rmjimdis^  and  (2)    tlic  epididymis  and  vhh  defeterw. 

The  Vas  deferens,  or  duct  of  the  testicle,  which  is  about  two  feet 
[fiO  cm.)  in  length,  is  constructed  externally  of  connective  tissue,  and 
eternally  is  lined  by  a  mncous  membrane^  covered  with  columnar  opithe- 
|iifD ;  while  between  these  two  coats  is  a  middle  coat,  very  firm  and  tough, 
Bade  up  of  unsfcriped  muscle,  chiefly  arranged  longitudinally,  but  also 
lontaining  some  circular  fibres.  When  followed  back  to  its  origin,  the 
tug  deferens  is  found  to  pass  to  the  lower  |>art  of  the  epididifmiSy  with 


Fig.  447. 


Fijc.  44*H 


rijf.  447. — plan  of  n  vertical  aeetioa  of  t^e  teeticlp,  showing  thR  amLDKement  of  tlie  dutt*: 

ta«  true  length  mid  diameter  of  the  tJuct»  hare  been  dinri^i^arded.     a  a,  tubuli  aemJnlfprl  coUt'd 

W*  in  the  Beparabe  lobes;  6,  tubuU  rv^^tt  or  vana  wdA;  c,  rete  tvstts;  d^  vta&  efforetitia  ending 

titecoai  vaBCuloai;  i.  e,  g^  con%'oliit<?d  cmnal  of  the  epididymis:  A,  vas  def ereiui ; /.  iiectloti  of 

ibidi  part  of  thfi  tunica  albuginea;  r,  i,  Dbrous  ppoeoawi  running  l>etween  the  lobesi  a,  me- 


[_  Wir.  44fL— e«5ctioa  of  the  epididTrniJa  of  ft  doj?,— The  tub©  Ik  cut  in  eevcral  places,  both  trans- 
*«e!r»ijd  obilquply;  it  is  ueen  to  be  lino<J  by  a  cUt&ted  epithelium,  the  nuclei  of  which  are 
•^i  ibowD.     c,  counwtlve  tiasue,     (Sohofleld.) 

^liich  it  18  directly  continuous  (fig, 447),  and  assumes  there  a  much  smaller 
tiaineter  with  an  exceedinfrlv  tortiioiiB  course. 

The  Epididymis,  which  is  lined,  except  at  its  lowest  part,  by  co- 
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lamnar  ciliated  epithelium  (fig.  447),  is  commonly  described  as  001^ 
sisting  (fig.  447)  of  ^globus  minor  {g)^  the  body  (e),aiid  t\ie globusm^ 
(/.)  When  unravelled  it  is  found  to  be  constructed  of  a  single  tube,  meift- 
uring  about  twenty  feet  in  length. 

At  the  globus  major  this  duct  divides  into  ten  or  twelve  smill 
branches,  the  convolutions  of  which  form  coniform  masses,  named  Cm 
vasculosi;  and  the  ducts  continued  from  these,  the  Vasa  efferentia,  after 
anastomosing,  one  with  another  in  what  is  called  the  Eeie  testis,  lead 
finally  as  the  TubuU  recti  or  Vasa  recta  to  the  seminal  tubules  (tuhuli 
seminiferi)y  which  form  the  proper  substance  of  the  testicle.  The 
epithelium  lining  the  coni  vasculosi  and  vasa  elferentia  is  columnar  and 
ciliated ;  that  of  the  rete  testis  is  squamous. 

The  seminal  tubules  are  arranged  in  lobules,  separated  from  one 
another  by  incomplete  fibrous  septa  or  cords,  which  pass  from  the  front 
of  the  tunica  albuginea  internally  to  a  firm  incomplete  vertical  septom 
of  thick  extending  fibrous  tissue  at  the  posterior  border,  from  the  upper 
to  near  the  lower  part,  called  the  corpus  Highmori^  or  vnediastimm 
testis.  Through  this  very  firm  fibrous  tissue  pass  the  seminal  tubes  from 
the  vasa  recta.  The  tunica  albuginea  is  covered  by  a  very  fine  pleiusof 
blood-vessels  internally,  derived  from  the  spermatic  vessels.  The  fibrons 
cords  which  may  contain  unstriped  muscle  are  also  covered  with  a  similar 
capillary  plexus. 

Tubuli  Seminiferi. — The  seminal  tubes,  which  compose  the  paren- 
chyma of  the  testicle,  are  loosely  arranged  in  lobules  between  the  connec- 
tive tissue  septa. 

They  are  relatively  large,  very  wavy,  and  much  convoluted;  and 
they  possess  a  few  lateral  branches,  by  which  they  become  connected 


F\K'  449,— From  a  section  of  the  testis  of  dog,  showing  portions  of  seminal  tabes.  A,t-_ 
nal  epithelial  cells,  and  numerous  small  cells  loosely  arranged :  B,  the  anmll  oelte or^JJ- 
atoblasta  converted  into  spermatozoa;  groups  of  these  in  a  further  stage  of  derelopaM^ 
(Klein.) 

into  a  network.  They  form  terminal  loops,  and  in  the  peripheral  poP* 
tion  of  the  testis  the  tubules  are  possessed  of  minute  lateral  c»cil 
branch  lets. 

Each  seminal  tubule  in  the  adult  testis  is  limited  by  a  membnoi 
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opria,  which  appears  as  a  h3^!ilino  elastic  rneinhrane,  but  which  is 
bIIv  made  up  of  several  incoiiiplete  hiycrB  of  llattened  cells,  contain- 
lig  oval  flattened  nuclei  at  reg^nlur  intervals.  Inside  this  memhnina 
liopria  are  several  layers  of  epithelial  cells,  the  semina!  eeils  (fig.  4410, 
%em  consist  of  two  or  more  layers,  the  outermost  heing  situated  next 
le  membrana  propria.     These  celk  are  of  two  kinds,  those  that  are  in 


f/ 


Fl^  460.— Sect  Jon  of  &  tutowle  of  the  t^^ticl^*  of  a  rat.  to  show  ihp  fonnatioQ  of  the  sperni- 
lOft;  a  spemiatciscoa ;  6»  secnlDal  ei^Un:  r.  strnTniot^iblftiit^,  lo  w!»k'h  tlit*  K|M*riimtfiKoa  are  ntiU 
ofvnt;  a^  unMnbrana  propirla;  «^  (Vbr<i*plAstic  t^lt^mt'iilst  af  tlir  vunnective  tjs»ui^.     (^Cadiat.  > 

Testing  state,  which  generally  form  a  complete  layer,  and  those  that 
in  a  state  of  division,  of  which  there  may  be  two  layers.  The  latter 
called  mother  cells,  and  the  smaller  cells  resulting  from  their  division 
called  daughter  cells  or  spermatoblasts.  From  these  the  sperma- 
are  lormetl,  their  head  corresponding  with  the  nuclei  of  the 
kUghter  cells;  and  during  their  development  they  lie  in  groups  (figs, 
^,450),  and  are  supported  by  irregular  masses  of  so-called  nutritive 
lis;  but  when  fully  formed,  they  become  detached,  and  fill  the  Inmen 
the  seminiferous  tubule  (fig,  45i>).  This  detachment  is  eflfected  by 
5  liquefaction  of  the  nutritive  cells  in  which  the  groups  of  spermatozoa 
t  imbedded. 
h\  the  fine  connective  tissue  which  supports  the  tubules  of  the  testis, 
to  l>e  found  flattened  tind  nucleated  epithelial  cells,  probably  the 
ng  of  the  Wolflian  body.  The  lymphatics  of  the  testes  are  numer* 
and  may  be  injected  by  inserting  the  needle  of  an  injecting  syringe 
the  tunica  albugtnea,  and  pressing    in  the  injection  with  slight 

Tt. 

The  Vesiculse  Seminales.— The  vesicula?  serainales  have  the  appear- 
oe  of  outgrowths  from  the  vasa  deferentiar     Each  vas  deferens,  just 
48 
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before  it  enters  the  proatate  gland,  through  part  of  which  it  pti| 
terminate  in  the  urethra,  gives  off  a  si  tie  branch,  which  bends  i 
from  it  at  an  aciute  angle:  and  this  branch  dilating,  variously  branfl 
and  pursuing  in  both  it&elf  and  its  branches  a  tortiioas  course,! 
the  vesicula  semiimlis. 

Strndure, — Each  vesicula  may  \m  unravelled  into  a  single  bruj 
tube  aacciilatetl,  ronvolutod,  and  folded  up. 

The  eiructure  resembk^  closely  that  of  the  rasa  deferentia. 
raucous  membrane,  like  that  of  the  gall-bladder,  is  minutely  wi! 
and  set  with  folds  and  ridges  arranged  so  as  to  give  it  a  finely  i 
lated  appearance. 

The  Penis. — The  petus  is  composed  of  three  long  more  { 
cvlindrical    masses,    inclosed    in    remarkably  firm  fibrous   aheat 


T\%*  451.^D[Hiect1oci  of  the?  l^!u»  of  \h^  bladder  fuid  prostate  gland,  abowio^  Uiai 
■anioalcH  and  vaaa  defen'tiLiii  a,  Ifuver  fturface  of  tlii«  ItUdd^r  at  the  place  of  t^eOectid 
perttoDeum;  6,  the  mrt  above  eovoi^ni  by  ih*»  jM^iltonntMi :  t,  k*ft  va»  tleferena,  endliiffl 
niaoulatoO'  duet;  tIhl*  viut  di^fer^MiH  hoA  hkH^u  *\\\uWd  tuar  i,  fuid  alt  except  tli«  raud 
tioa  boa  bcien  taken  away:  m^  Wti  vewictiin  S4*(iiinalis  jaTunj^  the  Kome  duct;  »,  t,  ibt  n 
deferens  and  ri^ht  vt^^ajcula  HemiualiR,  whh>h  has  Vve*iu  uiiruveUtid;  d,  uiKlc£r  side  of  ibej 
Kland;   m,  part  of  the  uivthra;    u,   w,  the  ureter*   (cut  ahort),  tXMS  right  otM  turwq 


whieh  two,  the  corpora  mrtrmm^  are  alike,  and  are  firmly  | 
together,  and  receive  below  ami  between  them  the  third  part,  ord 
sponiposum.  The  urethra  passes  throni^di  the  corpus  s^wngiomm. 
penis  is  attached  to  the  symphysis  pubis  by  its  root  The  enlarge! 
tremity  or  glans  penis  is  continuous  with  the  corpus  spongiosam.  I 
integument  covering  the  penis  furms  a  loose  fold  from  thejuuctia 
the  glana  with  the  body»  called  the  prepuce  or  foreskin. 
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. — (a,)  llie  nrdhra  m  lined  by  stratifiod  pavement  epithe- 
^the  prostatic  portiou;  in  front  of  the  Imlb  the  epithelium 
jcoluinnar,  while  at  the  fossa  naTicalaris  it  is  again  lined 
tified  pavement  epithelium.  The  mucous  membrane  conRists 
fibrous conneetive-tissue, intermixed  with  which  are  many  elastic 
t  is  surrounded  bv  unstriped  muscular  tissue.     In  the  inter- 


— Erects le  ttnsoe  of  the  biiiiiaii  p^nts.    o,  flbrous   trabeculffi  with  their  cTdlnar^ 
6,  sectfon  of  the  reaoua  aiuusest;  r^  tiiuM^ular  HHHiie.     cCBMliiit.) 


>ortion  many  large  veins  nm  amongst  the  bundles  of  muacnloF 
iflaiiy  mucous  gland«,  (jhtufh  of  JJiir^^  are  present. 
^lie  corpora  caverufim,  a  true  erectile  strueturc,  are  surrounded 
e  fibrous  antl  elastic  sheath,  and  from  the  inner  surface  of  this, 
I  the  septum  which  separates  the  two  corpora  cavernosa,  pass 
I  bundles  of  fibrous,  elastic,  and  plain  muscular  fibres,  called 
,  and  these  by  their  anastomosis  form  a  series  of  irregular 
These  spaces  are  lined  with  endothelium,  and  are  filled  with 
lood.  The  inter- trabecular  spaces  or  sin  uses  of  one  corpus 
m  anastomose  with  those  of  tlio  other,  especially  in  front  where 
ing  septum  is  incomplete. 

?he  corpus  spongiosum  urethras  consists  of  an  inner  portion  or 
longitudinal  veiim,  and  of  an  outer  or  really  cavernous  portion 
in  structure  with  that  which  has  just  been  described.  The 
ig  of  the  penis  are  very  numerous,  both  superficially  and  also 
le  urethra.  They  join  the  ingninal  glands, 
#Pf^,  derived  from  the  pudic  nerves  and  hypogastric  plexus, 
Ibuted  to  the  skin  and  mucous  membrane  and  to  the  corpora 
,  and  spongiosum  respectively.  The  nerves  are  provided  with 
i  and  Pacinian  corpuscles  in  the  glans  penis,  and  form  also  a 
•epithelial  plexus. 
if^s  glands   are  two  small  glands,  the  ducts  of  whicli  open   into 
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the  second  part  of  thcs  urethra.     They  ar 

size  of  a  pea,  yellow   in  color,   reaembling  the  sublingual  glandjs 

structure  they  iire  eonipfnuid  tubular  mucous  glaodg. 

The  Prostate  Gland* — The  prostate  is  situated  (tig,  451) 
iieek   of   the  uriTiary   hlatlder,  and   ineloses  the  oomn)  en  cement 
urethra.     It  is  somewhat  eliegtnut-shApecl.     It  measured  an  iBchi 
half  in  breadth,  and  an  ineh  and  a  quarter  long,  and  half  an  in 
thickness. 

iSirucfurc, — The  prostate  is  m»ul©  up  of  small  compound  in 
glands  imberhletl  in  an  abiindanfe  of  muscular  fibres  j 

The  glandular  substance,  whi^-h  is  jiearly  absent 
of  the  organ,  consists  nf  numerous  small  saccules, 
ducts,  which  unite  into  a  smaller  number  of  excretory  duet^,     Th$i 


res  and  connective  S 
►sent  from  the  froutj 
s,  opening  into  elonj 


468v — Section  of  a  rnnAU  port  inn  of  rlu'  f^iFORtatr'.     a>  frland  dtict  cist  i 
ginnd  Atnieturc;  t\  iiroatAtfo  ciUciiUik.     (Ciullat.> 


of  the  upper  part  of  the  prostate  are  small  and  hemispherical; ' 
in  the  mi<hllo  and  lower  parts  the  tubes  are  longer  and  ujore  codvo 
The  acini  are  of  two  kimls,  namely,  those  {n)  lined  with  u  single  ] 
thin  and  long  cnlunuutr  cells,  each  with  an  oval  nucleus  in  outer  ] 
wall;  and  those  (h)  acini  resembling  the  foregoing,  but  with  a 
layer  of  small  cortical,  polyliedral,  or  fusiform  cells  lx^tw*een  thci 
bran  a  propria  and  the  columnar  cells.      The  dudSy  tw*clve  to  twe 
number,  open  into  the  urethra.     They  are  lined  by  a  laytj?  of  coli 
cells,  beneath  which  is  a  layer  of  small  polyhedral  cells. 

The  tunica  arlventitia  consists  of  dense  fibrous  tissue  of  two 
between  which  is  situated  a  plexus  of  veins.     Large  rfXffJjs  paas  iiikl 
interior  of  the  organ,  to  form  a  broatl,  meshed,  capillar)"  system, 
with    numerous   large   ganglion-cells   surround    the    cortex. 
bodies  are  sometimes  found  in  the  substance  of  the  organ. 
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The  muscular  tiasue  of  the  prostate  not  only  forms  the  chief  part  of 
^  stronjii  of  tlie  gland,  hut  also  forni8  a  continuous  layer  inside  the 

nms  sheath,  iU3  well  jis  a  layer  surrounding  the  urethra,  which  is  coa- 

K»ii8  with  the  sphincter  veaicaj. 

Physiology  of  the  Sexual  Organs. 

Of  the  Female. — In  Oie  procesa  of  development  in  the  ovary  of 
ividual  fJraatian  vesiides,  it  has  been  itlre^dy  observed,  that  as  each 
reaaes  in  size,  it  gradually  approueheii  the  surface  of  the  ovary,  and 
en  fu Uy  ripe  or  mature,  f4>rujb  a  little  projection  on  the  exterior* 
incident  with  the  increase  in  size,  eauised  by  the  augmentation  of  its 
lid  contents,  the  external  cuvelojje  of  the  distended  vesicle  becomes 
Y  thin  and  eventually  bursts.  By  these  means,  the  ovum  and  fluid 
iteuts  of  the  vesicle  are  liberated,  and  escape  on  the  exterior  of  the 
iry,  whence  they  pass  into  the  Fallopian  tube  or  oviduct,  the  fimbri- 
I  procegses  of  the  extremity  of  which  are  supposed  coincidentally  to 
Up  the  ovary,  while  the  aperture  of  the  tul>e  is  applied  to  the  part 
re«p>nding  to  the  nuitnred  ami  bursting  vesicle. 
In  animals  whose  special  caimhility  of  being  impregnated  occurs  at 
plar  periods,  as  in  the  human  subject,  and  most  mammalia,  the 
laBan  vesicles  and  their  contained  ova  appear  to  arrive  at  maturity, 
I  the  latter  to  Ikj  discharged  at  such  perioda  only.  But  in  other 
male,  e.^»,  the  common  fowl,  the  formation,  maturation,  and  dia- 
i'ge  of  ova  api>car  to  take  place  almost  constantly. 
It  hajs  long  Ik'cu  ktiown,  that  in  the  so-called  ovi|mrou8  animals^  the 
oration  of  ova  from  the  ovary  may  take  place  independently  of  im- 
gnation  by  the  male,  or  even  of  sexual  nnion.  And  it  is  now 
iblished  that  a  like  nuituration  aud  discharge  of  ova,  independently 
coition,  occurs  in  man  on  all  a,  the  peritids  at  which  the  matured  ova 
separated  from  the  ovaries  and  received  into  the  Fallopian  tubes 
ag  indicated  in  the  lower  mammalia  by  the  phenomena  of  heat  or 
r  in  the  human  female,  although  not  always  with  exact  coincidence, 
the  jihcnomena  of  ffUHnirKaiion.  If  the  union  of  the  eexea  take 
pe,  the  ovum  may  bo  fecundated,  and  if  no  union  occur  it  perishes. 
That  this  mutunition  and  discliarge  occur  periodically,  and  only 
ing  the  phenomena  of  heat  in  the  lower  mammalia,  h  made  probable 
Uie  facts  that,  in  all  instances  in  which  Graatian  vesicles  have  been 
lid  presenting  the  apiiearance  of  recent  rn})tnre,  the  aninuds  were  at 
ticue,  or  had  recently  been,  in  heat;  that  on  the  other  hand,  there  is  no 
lientic  and  detailed  account  of  Graafian  vesicles  being  found  ruptured 
the  intervals  of  the  period  of  heat;  and  that  female  animals  do  not 
nit  the  males,  and  never  become  impregnated,  except  at  those  periods. 
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Relation  of  Menstruation  to  tlie  Discharge  of  Ova, — The  human  iemal 
is  subject  to  the  same  law  as  the  females  of  other  mammiferous  animftli 
her  ova  are  matured  and  discharged  from  the  ovary  independent  ofmu 
union.  This  maturation  and  discharge  occur,  moreover,  periodically 
or  about  the  epochs  of  menstruation. 

The  evidence  of  the  periodical  discharge  of  ova  at  the  menatr 
periods  is  that  in  most  cases  in  which  signs  of  menstruation  have  b( 
found  in  the  uterus,  follicles  in  a  state  of  maturity  or  of  rupture  li 
been  seen  in  the  ovary;  and  although  conception  is  not  confined  to 
periods  of  menstruation,  yet  it  is  more  likely  to  occur  about  a  mensti 
epoch  than  at  other  times. 

The  exact  relation  between  the  discharge  of  ova  and  menstruatio; 
not  very  clear.  It  was  formerly  believed  that  the  monthly  flux  was 
result  of  a  congestion  of  the  uterus  arising  from  the  enlargement  i 
rupture  of  a  Graafian  follicle;  but  though  a  Graafian  follicle  is,  a 
rule,  ruptured  at  each  menstrual  epoch,  yet  several  instances  are  recor 
in  which  menstruation  has  occurred  where  no  Graafian  follicle  can  b 
been  ruptured,  and  on  the  other  hand  cases  are  known  where  ova  h 
been  discharged  in  amenorrhaeic  women.  It  must  therefore  be  admit 
that  menstruation  is  not  dependent  on  the  maturation  and  discharge 
ova. 

It  was,  moreover,  formerly  understood    that   ova  were  dischar, 
toward  the  close  or  soon  after  the  cessation  of  a  menstrual  flow.    Ob 
vations  made  after  death,  and  facts  obtained  by  clinical   investigati 
however,  do  not  support  this  view.     Rupture  of  a  Graafian  follicle  d 
not  happen  on  the  same  day  of  the  monthly  period  in  all  women, 
may  occur  toward  the  close  or  soon  after  the  cessiition  of  a  flow;  but  o 
in  a  small  minority  of  the  subjects  examined  after  death  wiis  this 
case.     On  the  other  hand,  in  almost  all  such  subjects  of  which  ther 
record,  rupture  of  the  follicle  appears  to  have  taken  place  before 
commencement  of  the  catamenial  flow.     Moreover,  the  custom  of 
Jews — a  prolific  race,  to  whom  by  the  Levitical  law  sexual  iutercon 
during    the   week    following    menstruation    Wiis    forbidden — militi 
strongly  in  favor  of  the  view  that  conception  usually  occurs  before  i 
not  soon  after  a  menstrual  epoch,  and  necessarily,  therefore,  for  the?] 
that  ova  are  usually  discharged  before  the  catamenial  flow.     This, 
gether  with  the  anatomical   condition  of  the  uterus  just  before  t 
catamenia,  seems  to  indicate  that  the  ovum  fertilized  is  that  which 
discharged  in  connection  with  the  first  absent,  and  not  that  with  ti 
last  present  menstruation. 

Though  menstruation  does  not  appear  to  depend  upon  the  dischtfj 
of  ova,  yet  the  presence  of  the  ovaries  seems  necessary  for  the  perform 
ance  of  the  function ;  for  women  do  not  menstruate  when  both  ovarM 
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en  remo%'ed  by  operation.  Some  instauc^-s  have  been  recently 
ed,  indeed,  of  a  sanguineous  discharge  occurring  periodically  from 
gina  after  both  ovaries  have  been  previously  renaoved  for  disease; 
has  been  inferred  from  this  that  menstruation  is  a  function  inde- 
at  of  the  ovary:  but  this  evidence  is  not  conclusive,  inasmuch  as 
oesible  that  portions  of  ovarian  tissue  were  left  after  the  operation. 
urce  and  Characters  of  Mensirual  Dhcharffe.— The  menstrual  dia- 
>  18  a  thin  sanguineous  fluid,  having  a  peculiar  odor.  It  is  of  a 
xilor,  and   consists  of   blood,  epithelium,  and   mucuB  from   the 


1/ 


/ 


Fig.  45J. 


Fig.  455. 


Fig.  45*V. 


-Dlagmm  of  iitenis  just  Iw^forc   aienstruation :   the  Mliodi^il  portiuii  represents  the 
I  mucous  memhruiM'. 

4BB,  — Diftgrsm  of  utoniK  wheo  nu"n»tryatij>n  lian  just  ct-afiocl,  showiuitf  thH  cavity  ot  the 
ppriTed  of  uiqcoub  imembraui'. 

MH^ — Diagracii  of  uterus  a  wwk  after  thi^  meciatnjaL  tlux  has  eensod:  thu  BhAcied  portion 
Eronewra  mucoiiA  membrane.    (.1.  WiUlfuna.) 

.  and  vagina.  The  menstrual  flow  is  preceded  by  a  general  engorfif- 
>f  all  the  pelvic  organs  with  blood.  The  cervix  and  vagina  becoiue 
•  in  color  and  softer  in  texture,  and  the  quantity  of  mutnis  secreted 
I  glands  of  the  cervix  and  body  is  increased.  The  uterine  mucous 
rane  is  swollen  and  the  glands  are  elongated  and  tortuous.  The 
Tge  of  blood,  the  source  of  wirich  is  the  mucous  membrane  of  the 
of  the  uterus,  is  probably  associated  with  uterine  contractions. 
is  great  difference  of  opiuion  as  to  whether  or  not  any  of  the 
I  mucous  membrane  is  normally  shed  during  the  process  of  men- 
ion.  John  Williams  believes  that  the  whole  of  the  mucous  mem- 
of  the  body  of  the  uterus  iis  thrown  olf  at  each  monthly  period, 
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forming  a  tnio  decidua  menstrualis  (fig.  454),  while  Moricke  and  othen  t~ 
belieyo  that  the  mucous  membrane  remains  intact.     Leopold  belieYtt    i  - 
that  red  blood  corpuscles  escape  from  the  congested  capillaries  andim-  Ie 
dermine  the  superficial  epithelium,  and  that  in  this  way  the  saperficul  I 
layer  of  the  mucous  membrane  is  eroded  and  subsequently  regenerated. 
It  is  probable  that  menstruation  is  not  a  sign  of  the  capability  of  being 
impregnated,  as  much  as  of  disappointed  impregnation. 

Memtrual  Life. — The  occurretice  of  a  menstrual  discharge  is  onerf 
the  most  prominent  indications  of  the  commencement  of  puberty  in  the 
female  sex ;  though  its  absence  even  for  several  years  is  not  necefisarily 
attended  with  arrest  of  the  other  characters  of  this  period  of  life,  ot 
with  inaptness  for  sexual  union,  or  incapability  of  impregnation.  The 
average  time  of  its  first  appearance  in  females  of  this  country  and  othen 
of  about  the  same  latitude,  is  from  fourteen  to  fifteen ;  but  it  is  mndi 
influcuccil  by  the  kind  of  life  to  which  girls  are  subjected,  being  aooel- 
erated  by  habits  of  luxury  and  indolence,  and  retarded  by  contnry 
conditions.  Its  ap|X)arance  may  be  slightly  earlier  in  persons  dwelling 
in  warm  climes  than  in  those  inhabiting  colder  latitudes.  Much  of  the 
influence  attributed  to  climate  appears  due  to  the  custom  prevalent  in 
many  hot  countries,  as  in  Ilindostan,  of  giving  girls  in  marriage  at  a 
very  early  age,  and  inducing  sexual  excitement  previous  to  the  proper 
menstrual  time.  The  menstrual  functions  continue  through  the  whole 
fruitful  period  of  a  woman's  life  and  usually  cease  between  the  fortj- 
fifth  and  fiftieth  years. 

The  several  menstrual  periods  usually  occur  at  intervals  of  a  lunar 
month,  the  duration  of  each  being  from  three  to  six  days.  In  some 
women  tlie  intervals  are  so  short  as  three  weeks  or  even  less;  while  in 
others  they  are  longer  than  a  month.  The  periodical  return  is  usuaDj 
attended  by  pain  in  the  loins,  a  sense  of  fatigue  in  the  lower  limbs,  and 
other  symptoms,  which  are  different  in  different  individuals.  Menstru- 
ation does  not  usually  occur  in  ])regnant  women,  or  in  those  who  aw 
suckling;  but  instances  of  its  occurrence  in  both  these  conditions  are  by 
no  means  rare. 

Corpus  Ijvteum, — Immediately  before,  as  well  as  subsequent  to,  the 
rupture  of  a  GnuUian  follicle,  and  the  escape  of  its  ovum,  certain  changes 
ensue  in  the  interior  of  the  vesicle,  which  result  in  the  production  of  i 
yellowish  mass,  termed  a  Corpus  luteum. 

When  fully  formed  the  corpus  luteum  of  mammiferous  animals  is » 
roundish  solid  body,  of  a  yellowish  or  orange  color,  and  composed  of » 
number  of  lobules,  which  surround,  sometimes  a  small  cavity,  batmort 
frequently  a  small  stelliform  mass  of  white  substance,  from  which  deli- 
cate processes  pass  as  septa  between  the  several  lobules.  Very  often,  w 
the  cow  and  sheep,  there  is  no  white  substance  in  the  centre;  and  the 
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rt>ale«  projecting  from  tht^  oiiposiUj  wallti  of  tlut  Graafiuii  follicle  appoar 
la  a  sectioD  to  be  separated  by  the  tlunuest  jwissible  laniioa  of  semi- 
kiiu»pareDt  tissue. 

i  When  a  follicle  is  about  to  burst  and  expel  tbe  ovum,  it  becoraefl 
bighly  vaseular  and  oparjue;  and,  iminediately  before  the  rupture  takes 
jiace,  its  walls  ap}»ear  thickened  on  lUn'  interior  by  a  reddish  glutinous 
51  fleshy -loo  king  substance,  liumediatoly  after  the  rupture,  tin?  inner 
bjer  of  the  wall  of  the  veaicle  appears  pulpy  and  flocculent.  It  is 
thrown  into  wrinkleB  by  the  eon  traction  of  the  outer  layer,  and,  soon, 
I*d  fleshy  maniniillary  j»roce8se8  grow  from  it,  and  gnulually  enlarge  till 
•Ley  nearly  fill  the  vesicle,  and  oven  protrude  from  the  orifice  in  the 
irternal  covering  of  the  ovary.  Subsequently  this  orifice  closes,  but  the 
l^hy  growth  within  still  iiuTeases  during  the  earlier  period  of  preg- 
l^ncy,  the  color  of  the  siibstanc-e  gradually  changing  from  red  to  yellow, 
md  its  consistence  becoming  firmer. 

The  human  corpus  luteum  (fig.  457)  differs  from  that  of  the  domestic 
ruped  in  being  of  a  firmer  texture,  and  having  more  frefpiently  a 


Tig.  457. —Corpora  lntea  of  dllTeretit  y«*rirw|f..     B»  eorpus  lukMini  of  about  the  sixth  'wn*ek 
tfUpr  unpre^liAtiaii,  itliowitiK  il*  pUrn.l«l  rnnii  at  tluit  iwri^nL     l,  Hubnlancp  i>f  the  avarv;  k,  Bub^ 
ifthecoc         ■  "  '  '  .........  .      - 


corpyH  hiteum;  3.  aarayish  frmj^iiliim   in   it*i  eavity. 
two  days  fth<>r  deUvery ;  I>,  in  tlip  lw«lfUt  week  alt«r  delivery. 


Cl*aterfiua. )    A,  eorpus  h*- 
CMontiyomery .  > 


3€r8i6tent  cavity  at  its  centre,  and  in  the  stelliform  cicatrix,  which  re- 
uainB  in  the  eases  where  the  cavity  is  obliterated,  being  propirtionately 
>1  much  larger  bulk.  The  quantity  of  yellow  substance  formed  is  also 
it  less:  ami  although  tlic  deposit  increiises  after  the  ve.siclo  has 
-L,  yet  it  does  not  usually  form  mammillary  growths  projecting  into 
ho  cavity  of  the  vesicle,  and  never  protrudes  from  the  orifice,  as  is  the 
•fie  in  other  Mammalia.  It  maintjiins  the  character  of  a  uniform,  or 
early  uniform,  layer,  which  is  thrown  into  wrinkles,  in  consequence  of 
^^  contraction  of  the  external  tunic  of  the  vesicle.  After  the  orifice  of 
>^  vesicle  has  closed,  the  growth  of  the  yellow  substainee  continues  dur- 
»g  the  first  lialf  of  pregnancy,  till  the  cavity  is  reduced  to  a  compara- 
^^ly  small  sixe,  or  is  obliterated;  in  the  latter  case,  merely  a  white 
filiform  cicatrix  remains  in  the  centre  of  the  corpui^  luteum. 
An  eSusioD  of  blood  generally  takes  place  into  the  cavity  of  the  fol- 
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licle  at  the  time  of  its  rupture,  especially  in  the  human  subject,  but  it 
has  no  share  in  forming  the  yellow  body;  it  gradually  loses  its  coloring    | 
matter.     The  serum  of  the  blood  sometimes  remains  included  within  a   | 
cavity  in  the  centre  of  the  coagulum,  and  then  the  decolorized  fibrin 
forms  a  membraniform  sac,  lining  the  corpus  luteum.     At  other  times 
the  serum  is  removed,  and  the  fibrin  constitutes  a  solid  stelliform  masB. 

The  yellow  substance  of  which  the  corpus  luteum  consists,  both  in 
the  human  subject  and  in  the  domestic  animals,  is  a  growth  from  the 
inner  surface  of  the  ruptured  follicle,  the  result  of  an  increased  dcTel- 
opment  of  the  membrana  granulosa. 

The  first  changes  of  the  internal  coat  of  the  Graafian  vesicle  in  the 
process  of  formation  of  a  corpus  luteum  seem  to  occur  in  every  case  in 
which  an  ovum  escapes;  as  well  in  the  human  subject  as  in  the  domestic 
quadrupeds.  If  the  ovum  is  impregnated,  the  growth  of  the  yellow  sob- 
stance  continues  during  nearly  the  whole  period  of  gestation  and  forms 
the  large  corpus  luteum  commonly  described  as  a  characteristic  mark  of 
impregnation.  If  the  ovum  is  not  impregnated,  the  growth  of  yellow 
substance  on  the  internal  surface  of  the  vesicle  proceeds,  in  the  human 
ovary,  no  further  than  the  formation  of  a  thin  layer,  which  shortly  disr 
appears;  but  in  the  domestic  animals  it  continues  for  some  time  after 
the  ovum  has  perished,  and  forms  a  corpus  luteum  of  considerable  size. 
The  fact  that  a  structure,  in  its  essential  characters  similar  to,  though 
smaller  than,  a  corpus  luteum  observed  during  pregnancy,  is  formed  in 
the  human  subject,  independent  of  impregnation  or  of  sexual  union, 
coupled  with  the  varieties  in  size  of  corpora  lutea  formed  during  preg- 
nancy, necessarily  renders  unsafe  all  evidence  of  previous  impregnation 
founded  on  the  existence  of  a  corpus  luteum  in  the  ovary. 

The    following    table  by  Dal  ton,  expre^es  well  the  differences  between  the 
corpus  luteum  of  the  pregnant  and  un impregnated  condition  respectively  :— 

Corpus  Luteum  of  Pregnancy. 


At  Vie  end  of 

three  weeks 

One  month  . 


Two  months 


Six  montfis  . 


Nine  months 


Corpus  Luteum  of  Menstru- 
ation. 

Tliree- quarters  of  an  inch  in  diameter 
voluted  wall  |>ale. 

Small(»r ;  convohit<?d  wall 
bright  yellow ;  clot  still 
reddish. 

Reduced  to  the  condition 
of  an  insignificant  cica- 
trix. 


Absent. 


Absent 


central  clot  reddish ;  con 


Larger ;  convoluted  wall  bright  yel- 
low ;  clot  still  reddish. 


Seven -eighths  of  an  inch  in  dia 
meter;  convoluted  wall  bright 
yellow ;  clot  perfectly  decolor- 
ized. 

Still  as  large  as  at  end  of  second 
month  ;  clot  fibrinous ;  convoluted 
wall  paler. 

One-half  an  inch  in  diameter;  cen- 
tral clot  converted  into  a  radi- 
ating cicatrix ;  the  external  ^" 
tolerably  thick  and  convoluted. 
but  without  any  bright  yel^* 
color. 


\ 
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Of  the  Male.— In  onler  that  the  o\iim  shouM  ^►e  fecundated,  it  is 
oeceesary  tliat  it  ijhould  rutset  with  tlie  seminal  tiiiid  v!  i\w  male.  This 
i«  aecompliahed  by  the  junction  of  the  sexes  in  the  act  of  coition, 
Ifbereby  thi;  seminal  fluid  is  discharged  into  the  neighborhood  of,  if  not 
idrilliin,  the  cervix  uteri.  Hef*>re  considering  the  changed  which  are 
produced  in  the  ovum  by  impregnation,  it  will  be  as  well  to  describe  the 
lature  of  the  seminal  fluid.  This  GonBists  essentially  of  the  semen  ue- 
Sreted  by  the  ie.^ies,  and  to  this  are  added  a  material  secreted  by  the 
^esicute  seminales,  as  well  as  the  secretion  of  the  prostate  gland,  and  of 
Jowper's  glands.  Portions  of  these  several  fluids  are  discharged,  to- 
ether  with  the  proper  secretion  of  the  testicles. 

The  semen  is  a  viscid,  wdiitish,  albuminous  fluid  of  a  peculiar  odor, 
t  ooQ tains  epithelium,  granules  or  colorless  particles,  and  large  num- 
era  of  apemmtozm^  which  are  the  characteristic  and  essential  elements. 


Fig.  458. 


Fiif,  4M. 


Fir.  4&eL— fitMmiKtlc  fllaiii4*tjt«  fmm  ih^  humaci  vas  deferens.     L  mAffnJfled  BOO  diameters;  S, 
tfled  «Ort  <1Umet«rsr  a,  from  the  «ifJe;  ft,  from  &bov«.     CFrom  KOUilerO 


¥\^.  450. -^permatoeoA.     I,  Of  saliuniiader  ^  2,  humaD.     (H.  Qibbee.) 

he  spermatozoa  are  minute  bodies  each  consisting  of  a  flattened  oval 
ead  and  attached  to  it  a  long  slender  tiipering  mobile  flagellum  or  tail. 

In  some  forms  of  spermatozoa  there  is  a  small  middle  ]iiece  interposed 
atween  the  head  and  tlie  tail.  The  heikl  is  about  rcmF^^l^  i^*^^  (about 
^)  long  and  ^u^thf*^^  ^^^^  (about  2.5/i)  broad.     The  tail  is  about  :^tnr*'^ 

jTji|pyth  inch  (5/x-6;i)  long.  The  spermatozoa  possese  the  power  of 
stive  movement,  and  it  is  by  this  sinuous,  cilia-like  movement  that 
ley  are  propelled  in  the  female  and  so  helped  in  their  progress  to  meet 
16  ovum.     The  lashing  ciliumdike  movement  of  a  spermatozoon  may 
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go  on  for  hours  or  days  in  the  alkaline  fluids  of  the  body.  It  is  stopped 
by  any  of  the  agencies  which  stop  ciliary  movement,  e.g.,  acids,  or 
strong  alkalies,  alcohol,  chloroform,  cold  to  0^  C,  and  heataboYe50°C. 

On  examining  the  spermatozoon  of  Triton  cristatus,  one  of  the  am- 
phibia which  possess  the  largest  spermatozoa  of  all  vertebrate  animals, 
H.  Gibbes  found  that  the  organism  consisted  of  (a)  a  long  pointed  heid, 
at  the  base  of  which  is  (d),  an  elliptical  structure  joining  the  head  to 
(tr),  a  long  filiform  body;  (J),  a  fine  filament,  much  longer  than  the 
body,  is  connected  with  this  latter  by  {e)y  a  homogeneous  membrane. 

The  head,  as  it  appears  in  the  fresh  specimen,  has  a  different  refrac- 
tive power  from  that  of  the  rest  of  the  organism,  and  with  a  high  power 
appears  to  be  a  light  green  color;  there  is  also  a  central  line  running  up 
it,  from  which  it  appears  to  bo  hollow. 

The  elliptical  structure  at  the  base  of  the  head  connects  it  with  the 
long  threadlike  body,  and  the  filament  springs  from  it. 

While  the  spermatozoon  is  living,  this  filament  is  in  constant  mo- 
tion; at  first  this  is  so  quick  that  it  is  difficult  to  see  it,  but  as  its  vital- 
ity becomes  impaired  the  motion  gets  slower,  and  it  is  then  easily  per- 
ceived to  be  a  continuous  waving  from  side  to  side. 

The  spermatozoa  of  all  mammalia  examined,  consisting  of  man^  puU^ 
doff,  horse,  cat,  pig,  mouse,  rat,  guinea'pig,  had  instead  of  the  long-pointed 
head  of  the  amphibian,  a  blunt  thick  process  of  difl^erent  shapes  in  the 
different  animals;  and  from  the  root  or  neck  of  this  proceeded  the  long 
filament  just  as  in  the  amphibia,  only  so  delicate  as  to  be  invisible  except 
with  very  high  powers. 

In  man  the  head  (tig.  459)  is  club-shaped,  and  from  its  base  springs 
the  very  delicate  filament,  which  is  three  or  four  times  as  long  as  the 
body;  and  the  membrane  which  attaches  it  to  tlie  body  is  much  broader, 
and  allows  it  to  lie  at  a  greater  distance  from  the  body  than  in  the  s|>er- 
matozoa  of  any  other  Mammal  examined. 

From  his  investigation,  Gibbes  concluded: — 1st,  that  the  head  of  the 
spermatozoon  is  inclosed  in  a  sheath,  whicli  is  a  continuation  of  the 
membrane  which  surrounds  tlie  filament,  and  connects  it  to  the  body, 
acting  in  fact  the  part  of  a  mesentery.  2ndly.  Tliat  the  substance  of  the 
head  is  quite  distinct  in  its  composition  from  the  elliptical  structure, 
the  filament  and  the  long  body,  and  that  it  is  readily  acted  on  by  alkaliea; 
these  reagents  have  no  effect,  however,  on  the  other  part,  exempting 
the  membraneous  sheatli.  3rdly.  That  this  elliptical  structure  has  its 
analogue  in  the  mammalian  spermatozoon;  in  the  one  case  the  head  is 
drawn  out  as  a  long  pointed  process,  in  the  other  it  is  of  a  globular 
form,  and  surrounds  the  elliptical  structure.  4thly.  That  the  motive 
power  lies,  in  a  great  measure,  in  the  filament  and  the  membrane  at- 
taching it  to  the  body. 
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The  Bperniatozoa  are  derived  from  tlie  hreaking  up  of  the  seminal 
'cells  or  daughter  cells.     They  must  be  looked  upon  aa  modified  cells. 

The  occurrence  of  Bpernuito7:oa  in  the  impregnating  thiid  of  nearly 
M  classes  of  animals,  proves  that  tliey  are  essential  to  the  process  of 
impreguatiou,  mid  their  actual  contact  with  the  ovum  is  necessary  for 
itB<levelopinent. 

The  seminal  fluid  is,  probably,  after  the  period  of  puberty  secreted 
constantly,  though,  except  under  excitement,  very  slowly,  iu  the  tubules 
of  the  testicles.  From  these  it  passes  along  the  vasa  deferentia  into  the 
vpsieula?  seminales,  whence,  if  not  expelled  in  emission,  it  may  be  dis- 
charged, as  slowly  as  it  enters  them,  eitber  with  the  urine,  which  may 
remove  minute  qnantitiep,  minified  with  the  niucuj?  of  tlie  bladder  and 
the  secretion  of  the  prostate,  or  from  the  urethra  in  the  act  of  defteca- 
tion. 

To  the  vesieuke  seminales  a  double  function  may  be  assigned ;  for 
they  both  secrete  some  tluid  to  be  added  to  that  of  the  testicles,  and 
serve  as  reservoirs  for  the  seminal  liiiitK  Tlie  former  is  their  most  con- 
stant and  probably  most  imptirtaiit  utlice;  for  in  tlie  horse,  bear,  guinea- 
pig,  and  several  other  animals,  iu  whom  the  vesicula?  jjemiiudes  are  large 
and  of  apjiarently  active  functions,  they  do  not  communicate  with  the 
Tasa  deferentia,  but  pour  their  secretions,  separately,  though  it  may  be 
simultaneously,  into  the  urethra. 

There  is  a  complete  want  of  information  respecting  the  nature  and 
purposes  of  the  secretions  of  the  prostate  aiul  Uowper's  glands.  Tliat 
they  contribute  to  the  right  composition  of  the  impregnating  fluid,  is 
shown  both  by  the  position  of  the  glands  and  by  their  enlarging  with 
the  testicles  at  the  approach  of  an  anioutrs  breeding  time.  But  that 
they  contribute  only  a  sulxirdiTuite  part  is  shown  by  the  fact,  that,  when 
the  testicles  are  lost,  though  these  other  organs  ho  perfect,  all  procrea- 
tive  powder  ceases. 

The  tluid  part  of  the  semen  or  liquor  seminia  has  not  been  satisfac- 
torily analyzed:  hut  Henle  says  it  contains  Jibrin,  because  shortly  after 
being  discharged,  flocculi  form  iu  it  by  spontaueous  coagulation,  and 
leave  the  rest  of  it  thinner  and  more  liquid,  so  that  the  filaments  move 
in  it  more  actively.  The  chief  constituents  of  the  semen  are  snid  to  he  a 
Variety  of  nuvh'in^  which  does  not  contain  sulphur;  i-mimn pmteithj  one 
<^*f  which  contains  four  percent  of  sulphury  lecithin;  cholmkrin;  fai^ 
and  extracHvea, 


CHAPTER  XIX. 

DEVELOPMENT. 

Changes  which  occur  in  the  Ovum. 

Of  the  changes  which  take  place  in  the  ovum,  some  occur  before 
and  are  as  it  were  preparatory  to  impregnation,  and  others  ensue  after 
impregnation.  It  will  be  as  well  to  consider  the  respectiye  changeB 
separately. 

Changes  prior  to  Impregnation. — These  changes  especially  concern 
the  germinal  vesicle,  and  have  been  observed  chiefly  in  the  ova  of  low 
types.  The  ovum  when  ripe  and  detached  from  the  ovary  consists,  it 
will  be  remembered,  of  a  granular  yolk  inclosed  within  the  protoplasmic 
zona  pellucida,  and  containing  the  germinal  vesicle  and  germinal  spot  situ- 
ated eccentrically.  The  yolk  granules  are  of  different  sizes,  from  the 
minutest  molecules  up  to  a  diameter  of  -nj^inr^h  to  ^5^00^^  ^'  *^  ^°^^ 
(about  25/i).  The  germinal  vesicle  consists  of  reticulated  protoplasm 
inclosed  in  a  distinct  membrane,  and  containing  one  or  more  nucleoli 
or  germinal  spots.  The  primary  change  observed  in  the  ovum  consists 
in  the  travelling  of  the  germinal  vesicle  to  the  surface,  and  the  disap- 
pearance of  its  inclosing  membrane,  with  a  consequent  indentation  and 
indistinctness  of  its  outline.  Its  protoplasm  becomes  to  a  considerable 
extent  confounded  with  the  yolk  substance,  and  its  germinal  spot  disap- 
pears. The  next  step  in  the  process  is  the  appearance  in  the  yolk  of  ; 
two  stars  in  a  clear  space  near  the  poles  of  the  vesicle  elongated  to  a 
certain  extent,  and  from  this  results  a  nuclmr  spindle^  with  the  stars  at  ' 
either  end  lying  near  the  surface  of  the  yolk.  This  spindle  next  becomes 
vertical,  the  nucleus  divides  into  two  parts,  and  that  nearer  the  surface 
protrudes  from  the  ovum  enveloped  in  a  protoplasmic  mass,  which  by 
constriction  forms  the  first  polar  cell.  A  second  polar  cell  arises  in  the 
same  way.  The  remaining  daughter  nucleus  again  divides — one-half  of 
it  is  extruded  from  the  ovum,  forming  a  second  polar  cell;  the  other 
half  remains  behind  and  is  called  the  femaU  pro-nucleus.  This  is 
clearly  derived  from  the  original  germinal  vesicle.  It  must  be  remem- 
bered that  these  changes  have  been  so  far  observed  only  in  a  certain 
number  of  instances.  It  is  very  possible,  not  to  say  probable,  that  such 
changes  are  universal  in  the  animal  kingdom  (Balfour). 

Balfour's  view  as  to  the  formation  of  the  polar  bodies  may  be  gi^en 
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I  his  own  words: — "My  view  amouuts  to  the  following,  viz.,  that  after 
ie  formation  of  the  polar-cells,  the  remainder  of  the  germinal  vesicle 
ithin  the  ovum  (the  female  pro-niiclens)  is  incapable  of  further  devel- 
>ment  without  the  addition  of  the  nuclear  part  of  the  male  element 
permatozoon),  and  that  if  polar-cells  were  not  formed,  parthenogenesis 
ight  normally  occur/' 
Changes  following  Impregnation. — The  process  of  impregnation 
the  ovum  lum  ix^en  observed  most  accurately  in  the  lower  types.  In 
ammalia,  although  spermatozoa  pass  in  mimbers  through  the  yolk 
ivelope,  yet  their  further  progress  is  only  inferred  from  ohservations  on 
le  lower  animals.  The  process  in  tisieriaji  (jlaeiah\%  according  to  Bai- 
lor, is  as  follows:— The  head  of  a  single  si^entuitnznon  joins  with  an 
levation  of  the  yolk  substance,  the  tail  remaining  motionless,  and  then 
iiappearing.  The  head  enveloped  in  the  protophtsm  then  sinks  into  the 
oik  and  becomes  a  nucleus^  from  which  the  yolk  snbstance  is  arranged 
0  radiating  lines.  This  is  the  male pro-mtcieus.  At  fn*st,  at  some  dis- 
ince  from  the  female  pro-nnclens,  it  after  a  while  approaches  nearer, 
nd  the  female  pro-nueleus,  which  was  before  inactive,  becomes  active. 
3k6  nuclei  at  hist  meet  and  unite.  The  resolt  of  their  union  is  the firtsi 
p^entaii&n  sphere^  or  bktJi{o-.^)here,  It  is  a  nucleated  protoplasmic  cell. 
*he  changes  which  have  resulted  in  the  formation  of  the  blast o-sphere 
r  primitive  segmentation  germ  are  followed  by  the  process  known  as 
jgmentation  of  the  yolk. 

This  process  and  the  earlier  stages  in  development  are  so  fundamen- 
lUy  similar  in  all  vertebrate  animals,  from  lishes  up  to  man,  that  the 
aps  existing  in  our  knowledge  of  the  process  in  the  higher  mammalia, 
Qch  as  man,  may  be,  in  part,  at  any  rate,  filled  up  by  the  more  accu- 
ate  knowledge  which  we  possess  of  the  development  of  the  ovum  in 
ach  animals  a*^  the  trout,  frog,  and  fowl. 

One  important  diKtinction  bet  wee  q  the  or  a  of  various  vertebrntft  should  be 
imerabered-  In  the  hen's  egg,  besides  the  shell  and  the  white  or  albumen,  two 
her  stmcturea  are  to  Im  diatinguiahed — the  gcrtn,  often  called  the  cicatricula 
'  ** tread,"  and  the  j/olk,  iDcloeed  io  its  vitelline  mt^mbrane. 

Tlie  germ  m  (as  waa  mentioneil  in  the  description  already  given)  e<Bsentiallj 
eell.  comriflting  of  protoplasm  ineli>sing  a  nucleuB  and  nucleolus.  It  aloDe 
mi ci pates  in  the  pr<"»fe8ft  of  8e{fmentafion.  the  great  mass  of  the  yoik  (food- 
♦1  k )  rema  i  n  i  n  g  qi  ii  te  u  n  atfeo  tetl  by  i  t.  S »  d  ce  on  I  y  the  ge  rm ,  w  h  i  ch  form  a  In  1 1 
inmll  portion  of  the?  yolk,  undergr>e«  segmentation,  the  ovmn  is  called  rtiero- 
Utic. 

In  the  mammalia,  on  th**  other  haod,  there  is  no  large  unaegmented  mass 
rresponding  to  the  food -yolk  of  birds  ;  the  entire  ovum  undergoes  segmenta- 
fcn,  and  is  hence  termed  holoblantie. 

The  eggs  of  fishes,  reptiles,  and  hirds,  are  meroblastic,  while  those  of  am- 
kibia  and  nmiiimalia  are  holohtaattiv, 

01  the  changes  which  the  mammalian  ovum  undergoes  previous  to 


the  form  at  ion  of  the  embryoi  those  whieh  oecur  while  it  is  still  il 
ovary  are  independent  of  impregnation :  others  take  plac«  after  i 
reached  the  Fallopian  tube.     The  knowledge  we  poseess  of  these  ch 

h  derived  }i)mogt  exclusively  from  i 
vutions  on  the  ova  of  the  biteh  and  n 
but  it  may  be  inferred  tlmt  anal 
changea  ensue  in  the  human  ovum. 

As  the  ovnm  approaches  the  niidi 
tlie  Fallopian  tnl^e,  it  I>egin9  to  reo 
new  investment,  eonsi sting  of  a  la] 
transparent  albuminous  or  ghitinou 
stanee,  which  form*  upon  the  exter 
the  zona  pellucida.  It  is  at  first  el 
ingly  line,  and  owing  to  thi«»  and 
trunspitrenev,  is  not  easily  recogi 
but  at  the  lower  part  of  the  Fall 
tube  it  acquires  considerable  thickiH 
Spfpmmtatiov.—The  first  visible 
of  fertilization  is  a  slight  amteboid  I 
nient  in  the  protoplaem  of  tki  I 
this  biH  been  observed  in  some  fish,  I 
frog,  and  in  Bonie  mammals.  Iminecl 
succeeding  to  this  the  process  of  sqf 
tat  ion  conimen(*es,  and  is  completed 
ing  the  passage  of  the  ovnm  throvf 
Fallopian  tube.  In  niammala,  til  f 
tlu^  process  is  an  example  of  eompf4 
mentation,  the  yolk  becomes  const 
in  the  middle,  and  is  surroiindeJ 
furrow  which,  gradually  deepeuiu 
length  cuts  it  in  half,  while  the  sam 
cess  begins  almost  immediately  in 
half  of  the  yolk,  and  cut^  it  also  i! 
The  same  process  is  rei>eated  in  ei 
the  quarters,  and  so  on,  until  at  U 
continual  cleavings,  the  whole  y< 
changed  into  a  mullwrry-like  ml 
small  and  more  or  less  rounded  M 
sometimes  called  vifeUijw  spherM 
whole  still  inclosed  by  the  7.ona  pellucida  (tig.  460).  Each  of  th4 
tie  spherules  contains  a  transparent  vesicle,  like  an  oil-globnle,  wl 
seen  with  dilllculty,  on  account  of  its  being  enveloped  by  the  yolb 
ales  which  adhere  closely  to  its  surfaoe. 


Fig-  460.  — l>lftf:rams  of  the  vaii- 
CMis  »tft>f<^  of  elewvanpei  of  thw  yolk- 


mgh  the  immediate  agent  in  its  production  Beema  to  be  the  central 
tesicle  contained  in  each  division  of  the  yolk.  Originally  there  was  prob- 
ably but  one  vesicle^  aitinited  in  the  centre  of  the  entire  granular  inasa 
of  the  yolk,  and  probably  derived  in  the  manner  already  described  from 
rthe  germinal  vesicle.  This  divides  and  subdivides:  each  successive  liivi- 
lioii  and  subdivision  of  the  vesicle  being  aeecmpanied  by  a  corresjionding 
idivision  of  the  yolk. 

About  the  time  at  which  the  mammalian  ovum  reaches  the  uterus, 
the  process  of  division  ami  subdivision  of  the  yolk  appcurs  to  have 
<ieaaetl,  its  substance  having  l>een  resolved  into  its  ultimate  and  smallest 
iGvisionet,  while  its  surface  prcsenU  a  uniform  finely-,£:rannlar  aspect, 
instead  of  its  late  mnlberry-likc  ap|)earance.  The  ovnm,  indeed,  ap- 
jears  at  first  sight  to  have  lost  all  tnice  of  the  cleavage  process,  and, 
^ith  the  exception  of  being  ]mler  auil  more  translucent,  ahnost  exactly 
3esembles  the  ovarian  ovum,  its  yolk  consisting  apparently  of  a  confused 
aaiss  of  finely  granuhir  substance.  But  on  a  more  careful  examination, 
it  is  found  that  these  granules  are  aggregated  into  numerous  minnte 
tpheroidal  masses,  each  of  which  contains  a  clear  vesicle  or  nucleus  in 
fts  centre,  and  is^  in  fact»  an  embr^anfil  celL     The  zona  pellucida,  and 

K layers  of  albu minions  matter  surrouniling  it,  have  at  this  time  the 
e  character  as  when  at  the  lower  part  of  the  Fallopian  tube, 
'      The  passfige  of  the  ovum,  from  the  ovary  to  the  uterus,  oceupiea 
jrobably  eight  or  ten  days  in  the  human  female. 

When  the  peripheral  cells,  which  are  formed  first,  are  fully  devel- 
JDpetl,  they  arrange  themselves  at  the  surface  of  the  yolk  into  a  kind  of 
membrane,  and  at  the  same  time  assume  a  }iolyhedral  shape  from  mutual 
|)reasure,  so  im  to  resemble  pavement  epithelium.  The  deeper  cells  of  the 
interior  pass  gradually  to  the  surface  and  accumulate  there,  thus  in- 
creasing the  thickness  of  tlio  membrane  lalrcatly  formed  by  the  more 
luperficial  layer  of  cells,  while  the  central  part  of  the  yolk  remains  filled 
cmly  with  a  clear  fluid.  By  this  means  the  yolk  is^shortly  converted 
into  a  kind  of  sccnndary  vesicle,  the  walls  of  which  arc  composed  cxter- 
DAlly  of  the  original  vitelline  membrane,  and  within  by  the  newly  fornu'd 
bellular  layer,  the  binshder7n  or  fj&nm'nfd  membrane,  as  it  is  called, 

Seffmt'Hiatkm  in  th^  TArV^^— The  emiiryo  chick  affords  an  illustra- 

ion  of  what  is  known  as  incomplete  or  partial  segmentation,  or  mero- 

iaetic  Begmentation.     In  the  youngest  ova  the  germinal  vesicle  is  situ- 

ttc'd  subccntrally,  but  as  development  proceeds  it  passes  to  the  periphery, 

id  the  protoplasm  surrouniling  it  remaining  free  from  yolk  granules, 

%  germinal  disc  is  formetl.     This  germinal  disc  is  not  marked  out  by 

y  sharp  line  from  the  remaining  protoplasm,   but  passes  im^cnsibly 

to  it.     The  first  change  consista  in  the  appearance  of  a  furrow  run- 
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ning  acrofis  the  disc  diyiding  it  into  two;  it  does  not  extend  acrofll 
the  whole  breadth.  A  second  furrow,  at  right  angles,  catting  the  fink 
a  little  eccentrically,  next  appears,  and  the  disc  is  thus  cat  into  four 
qaadrants.  The  farrows  do  not  extend  through  the  whole  thicknesB  ol 
the  disc,  and  the  segments  are  not  separated  out  on  the  lower  aspect 
The  quadrants  are  next  bisected  by  radiating  furrows,  and  the  dbc  ii 
thus  divided  into  eight  parts.  The  central  portion  of  each  segment  ii 
now  cut  off  from  the  peripheral  furrow,  so  that  a  npunber  of  snudki 
central  and  larger  peripheral  portions  result.  As  the  primary  dimoo 
was  eccentric  and  the  succeeding  followed  the  same  plan,  there  resalii 
a  bilateral  symmetry ;  but  the  relation  of  the  axis  of  symmetry  and  thi 
long  axis  of  the  embryo  is  not  known.  Bapid  division  of  the  s^menti 
by  furrows  in  various  directions  now  ensues,  and  the  small  central  po^ 
tions  are  more  rapidly  broken  up  than  the  larger,  and  therefore  becomi 
more  numerous.  During  this  superficial  segmentation  a  similar  prooefl 
goes  on  throughout  the  whole  mass,  and  division  goes  on  not  only  hf 
vertical  but  also  by  horizontal  furrows.  The  result  of  this  process  ol 
segmentation  is  that  the  original  germinal  disc  is  cut  into  a  large  niua-; 
ber  of  small  rounded  protoplasmic  cells,  small  in  the  centre,  larger  to 
the  periphery,  and  that  the  superficial  cells  are  smaller  than  those  ter 
low :  the  two  original  layers  of  the  blastoderm  are  thus  early  representei 
The  process  of  segmentation  proceeds  at  the  periphery  of  the  gff- 
minal  disc,  and  at  the  same  time  further  division  of  the  cells  at  tin 
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Fie.  461.— Vertical  Bectlon  of  area  pelludda  and  area  opaca  Oeft  extremity  of  flgiBj)j! 
blastoderm  of  a  fresh-laid  ejfg  (unincubated).  S,  superflcial  layer  corresponding  to  ywJJ 
D.  deeper  layer,  correspondinf?  to  hypoblast,  and  probably  in  part  to  mesoblast:  M,  JgJ 
"formative  fells,"  filled  with  yolk  granules,  and  lyini?  on  the  floor  of  the  segmentation  catWi 
A^  the  white  yolk  immediately  underlying  the  segmentation  cavity.     CStricker.) 

centre  proceeds.  The  nucleus  of  the  original  cell  divides  coincidentlj 
with  the  protoplasm,  and  so  it  comes  that  the  protoplasmic  masses  0 
nucleated;  and  besides  this,  nuclei  derived  from  the  original  naclfiii 
are  found  in  the  ovum  below  the  area  of  segmentation,  and  from  th«l 
by  the  protoplasm  which  surrounds  them  being  constricted  off  will 
them,  supplementary  segmentation  masses  come  to  be  formed,  'ft 
blastoderm  is  thus  formed  as  the  result  of  segmentation,  and  between « 
and  the  subjacent  white  yolk  is  a  cavity  containing  fluid.  The  segm** 
tation  having  been  completed  toward  the  centre,  although  it  stiD  p* 
ceeds  at  the  periphery,  the  superficial  layer  of  the  blastoderm  becoBUi 
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of  columnar  nucleated  cells,  and  the  lower  layer  consists  of  larger 
indistinctly  nucleated,  still  granulur  and  ronnded,  irregularly 
d.  In  the  segmentation  cavity  are  the  supplementary  segmenta- 
isses  or  formative  calls. 

^  the  Qgg  is  incubated,  rapid  changes  take  place  in  the  blasto- 
•esulting  in  the  formation  first  of  all  of  two,  then  of  the  three 
which  have  been  already  mentioned  in  the  first  chapter.  The 
!ial,  or  epiblast,  does  not  at  first  enter  into  these  changes,  but 


Pt— Impre^iAtiHl  eg^g,  wLtli  coummacenieiit  of  fonnatioti  of  embryo;  fthowlag  tbe  Arv« 
IM    &r    embryonic    spot,    tbe   area    p«llucidaf  jtod   tho    primitive  j^roove   or    trace. 


fes  to  be  a  layer  of  nucleated  columnar  cells.  But  in  tlio  lower 
[  larger  rounded  cells  certain  of  the  cells  become  flattened  hori- 
^  their  granules  disappear,  and  the  nuclei  become  distinct.  A 
be  of  flattened  nucleated  cells  is  theu  ionned,  first  of  all  toward 
breof  the  area,  afterward  peripherally  also:  this  is  the  hypoblast. 
I  the  two  layers  some  cells,  not  belouging  to  cither  layer,  remain. 
©Ha  are  almost  entirely  at  the  back  }>art  of  the  area.  The  for- 
of  the  intermediate  layer  of  mesoblast  is  more  complicated, 
1  now  be  described. 

ilia  period  it  is  necessary  to  return  to  the  surface  view  of  the 
lirm.  Before  incubation  it  is  seen  to  consist  of  a  more  or  less 
'  transparent  area,  the  area  pellucida;  surrounded  by  an  opaque 
nch  is  called  the  area  opaca*  Tlie  area  opaca  rests  upon  the 
oik:  beneath  the  area  pelhicida  is  a  cavity  containing  fluid.  In 
tre  of  the  area  pellucida  it?  a  white  shining  spot,  or  luwhus  of 
shining  through-  This  is  the  upper  dilated  extremity  of  the 
accumulation  of  white  yolk  upon  which  the  blastoderm 

lyellowyolk  consists  of  spheres  2o/j  to  100/i  in  diameter,  filled  with 
refractive  granules  of  an  albuminous  nature,  and  the  white  yelk 
listinguisbod  from  the  yellow  not  only  by  its  lighter  color,  but 
jause  its  vesicles  are  smaller  than  those  of  the  yellow.     Each  con- 
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tains  a  highly  ref ractiye  body.  Some  large  spheres  contain  a  number  d 
spherules.  Some  of  these  are  vacuolated.  The  white  yolk  not  onlytt- 
velopes  the  yellow  yolk  in  a  thin  layer,  and  merges  with  the  oentnl 
flask-shaped  mass,  already  mentioned,  but  also  is  found  in  the  jdbv 
yolk,  forming  with  it  alternate  layers. 

Except  that  the  central  shining  opacity  of  the  pellucid  area  has  dii- 
appeared,  that  the  size  of  the  area  has  increased,  and  that  the  aigmpB 


Fife.  468,— Transrerae  section  tfanmirh  Mnhryo  dilek  fK  hours),  a,  epibbwt;  b,  menhlat; 
e,  hsnpoblast;  d,  central  portion  of  mesoblMt,  whioh  Is  nere  fOsed  with  eplblast;  e,  primitiis 
groove;  /,  dorsal  ridge.     CKlein.) 

area  has  also  increased,  no  other  change  can  be  remarked  up  to  the  for* 
mation  of  the  two  complete  layers.  There  is,  however,  a  slight  ID- 
defined  opacity  at  the  posterior  part  of  the  area  pellucida,  known  as  the 
embryonic  shield.  This  opacity  is  probably  due  to  the  intermediate  celh 
already  mentioned  as  existing  between  the  epiblast  and  hypoblast. 

In  the  posterior  part  of  the  area  pellucida  now  appears  an  opaque 
streak  which  extends  about  a  third  of  the  diameter  of  the  area  towird 
the  middle  line.  This  is  the  Primitive  streak.  It  is  found  on  tnutf- 
verse  section  of  the  bliistoderm  in  this  neighborhood  to  be  due  to  a  pro- 
liferation downward  of  cells  two  or  more  deep  from  the  epiblast.  Tba 
area  pellucida  now  becomes  oval.     As  the  primitive  streak  becomes  mon 


Fig,  464.— Diagram  of  trandrenie  flection  through  an  embryo  before  the  closing*iB<tf^| 
medullary  groovu.  m,  cells  of  epiblast  lining  the  medullary  groove  which  wiU  form  theipiii|| 
cord;    A.  epiblast;   rZ,  hypoblast;   cfc,  notochord;   «,  protovertebra;  ..  ^         -j^ 

lamina  dorHalis,  folding  over  medullary  groove.     (Kolliker.) 


«p,  mesoidast;  «,  edi^'l 


defined  the  area  pellucida  changes  its  oval  for  a  pear  shape,  M  ^ 
streak  increases  in  size  faster  than  the  area,  and  so  after  a  time  isi 
two-thirds  of  its  length.     In  the  primitive  streak  a  groove,  the  1 
tive  groove,  runs  along  its  axis.     Prom  the  primitive  streak  thee 
from  the  under  surface  of  the  epiblast  now  extend  as  lateral  wings  to  t 
edge  of  the  pellucid  area;  they  are  not  joined  with  the  hypoblast 


mediate  layer  of  cells  in  this  position  producing  the  primitive 
c  is  a  portion  of  the  inter mediiite  layer  or  mesoblast*  It  is 
id  chiefly  from  the  epiblaat,  but  laterally,  especially  in  the  front 
of  the  primitive  streak,  it  apjieurs  to  be  derived  at  any  rate  in  part 
the  cells  of  the  primitive  lower  layer.  At  the  most  anterior  part 
e  primitive  streak,  at  the  ]>oint  which  corresponds  to  the  future 
rior  end  of  the  embryoi  the  three  layers  are  all  joined  together* 
next  important  change  which  occurs  is  found  in  the  hypoblast  in 
of  the  primitive  streak.  The  irregular  layer  of  primitive  cells  of 
i  it  is  composed,  split  into  two  layers,  the  lower  consisting  of  flat- 


.  485. — Portion  of  th€>  Kt^rminiLl  menibriiJiB^  with  rudiniputu  of  the  embrvo;  from  the  funim 
«h»  The  primitive  ^rcwve.  a,  i«  not  yet  close«l,  &tn\  at  it*  upper  or  oephAltc  oncl  presentA 
tUtttatfoiis^  B,  which  correspoml  tci  the  thrt'o  divisions  or  vesiclee  of  the  briiici.  At  its 
mXretaity  the  groove*  presents  a  laneet'»ihAt>ed  dilAtatton  (sinufl  riiJomt>oldiL]is>  c.  The 
i  of  the  erroovie  consist  of  i-ic&r  pvUuciti  iierve-RuliHta.nce.  AIodk  the  bottom  of  the  jKriwre 
rvod   ft  fiftlnt  Btre&lc,  which   ia   probably   the  chorda  dorsallB.     d.    VertcbroJ   pliat<ea. 

cells  which  forma  the  hypoblast  proper  and  an  upper  coneisting  of 
d  layers  of  stellate  cells,  the  mesoblast, 

be  preceding  account  of  the  formation  of  the  blaatodermic  layers,  Bal- 
description  has  betm  chiefly  followed.  It  differs  somewhat  from  that 
was  formerly  given.  The  mesoblast  was  de&cribed  aa  ariBing  from  the 
last,  together  with  some  of  the  larj^e  formative  cella,  which  migrate  by 
old  movement  rouml  the  edge  of  the  hyix^blast  (fig,  46fi,Jlf),  and  no  ililler- 
iraa  made  in  the  formation  of  the  mesoblast  in  the  primitive  streak  and 
lere. 

bere  now  appears  in  the  middle  line  extending  forward  from  the 
tive  streak  an  opac[ue  line,  which  proceeds  almost  to  the  anterior 
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edge  of  the  area  pellucida,  stopping  short  at  a  transyerse  crescent-shaped 
line,  the  future  headfold.  This  lino  is  the  commencing  notochord. 
It  is  a  collection  of  mesohlastic  cells  from  the  hypohlast  in  the  middle 
Hue,  and  remains  connected  with  the  latter  after  the  lateral  portions  of 
the  mesoblast  have  become  quite  detached  from  it.  The  notochord  ud 
the  hypoblast  from  which  it  arises  are  continued  posteriorly  into  Am 
primitive  streak.  Thus  the  mesoblast  of  the  area  on  either  side  of  Am 
middle  line  in  which  the  embryo  is  formed  arises  from  the  hypoblast,  v 
does  also  the  notochord.  In  the  formation  of  the  medullary  plate 
which  now  appears,  the  epiblast  is  concerned.  In  the  middle  line  above 
tlie  collection  of  cells  that  will  become  the  notochord  that  layer  becoma 
thickened.  The  sides  of  the  central  thickened  portion  are  elevated 
somewhat  to  form  the  medullary  folds  inclosing  between  them  the 
medullary  groove.  From  this  medullary  plate  is  formed  the  centnl 
nervous  system.  Although  behind  the  groove  is  a  shallow  one,  if  it 
be  traced  forward  it  becomes  deeper  and  narrower,  and  at  the  headfoU 
the  folds  curve  round  and  meet  in  the  middle  line.  Anterior  to  tb 
headfold  is  a  second  fold  parallel  to  it,  which  is  the  commencing  amnion. 


FifT.  466.— Vertical  section  of  blastoderm  of  chick  (Ist  day  of  incubation}.  S,  epiblast  ooi* 
sistini^  of  short  columnar  cells;  D,  hypoblast,  consisting  of  a  single  layer  of  flattened  cells:  Jf. 
** formative  cells. *^  They  are  seen  on  the  right  of  the  flgure,  passing  in  between  the  epibUfltul 
hypoblast  to  fonn  the  mesoblast;  A^  white  yolk  granules.  Many  of  the  large  **formatJTeoelis 
are  seen  containing  these  granules.     (Strieker.) 

The  medullary  canal  is  bounded  by  its  two  folds  or  longitudinal  ele- 
vations, laminae  dorsales,  which  are  folds  consisting  entirely  of  cellsof 
the  epiblast:  these  grow  up  and  arch  over  the  medullary  groove  (fig. 
464)  till  after  some  time  they  coalesce  in  the  middle  line,  converting  it 
from  an  open  furrow  into  a  closed  tube — the  neural  canal  or  the  prim- 
ifcive  cerebro-spinal  axis.  Over  this  closed  tube,  the  walls  of  which  con- 
sist of  more  or  less  cylindrical  cells,  the  superficial  layer  of  the  epiblast 
is  now  continued  as  a  distinct  membrane. 

The  union  of  the  medullary  folds  or  laminae  dorsalis  takes  place  fi^^ 
about  the  neck  of  the  future  embryo;  they  soon  after  unite  over  the 
region  of  the  head,  while  the  closing  in  of  the  groove  progresses  mud 
more  slowly  toward  the  hinder  extremity  of  the  embryo.  The  medullary 
groove  is  by  no  means  of  uniform  diameter  throughout,  but  even  before 
the  dorsal  laminsB  have  united  over  it,  is  seen  to  be  dilated  at  the  ante* 
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'  extremity  and  obscurely  divided  by  coriBtrictiont  into  the  three 
aary  cerebral  vesicles. 

The  part  from  which  the  spinal  cord  is  formed  is  of  nearly  uniform 
bre,  while  toward  the  posterior  extremity 
lozenge-shaped  dilatation,  sinus  rhom- 
dalis,  which  is  the  last  part  to  close  in 
.  4(J5). 

While  the  changes  which  have  been  de- 
bed  are  taking  place  in  the  area  pellu- 
i,  which  has  enlarged  to  a  certain  extent, 
area  opaca  has  also  considerably  extended. 
(  hypoblast  and  mesoblast  have  also  been 
onged  laterally,  not  by  mere  extension, 
also  from  the  germinal  wall,  which  is 
le  up  of  the  thickened  edge  of  the  blasto- 
n,  together  with  formative  cells  of  the 
:;  on  each  side  of  the  notochord  and 
[uUary  canal,  the  mesoblast  remains  as  a 
fitudinal  thickening. 
It  now  however  splits  horizontally  into 
layers  or  laminae  (parietal  and  visceral): 
,heBe  the  former,  when  traced  out  from 
central  axis,  is  seen  to  l>e  in  close  appo- 
>n  with  the  epiblast,  and  gives  origin  to 
parietes  of  the  trtink,  wdiilo  the  hitter 
eres  more  or  less  closely  to  the  hypoblast, 

gives  rise  to  the  serous  and  muscular 
M  of  the  alimentary  canal  and  several 
ir  parts. 

The  united  parietal  layer  of  the  mesoblast 
I  the  epi  blast  is  termed  somatopleure, 

united  visceral  layer  and  hypoblast, 
^chnopleura.  The  apace  between  tbeni 
the  pleuro-peritoneal  cavity,  which 
)mes  subdivided  by  Btibsequent  partitions 
\  pericardium,  pleura,  and  peritoneum. 
The  splitting  of  the  meaobhist  extends 
ost  to  the  medullary  canal,  hut  a  portion 
sither  side  {  P,  v.  fig*  468)  remains  undi- 
sd,  the  vertebral  plate.  The  divided  portion  is  known  as  the  late- 
ptate.  The  longitudinal  thickening  of  the  vertebral  plate  is  seen 
r  a  while  to  he  divided  at  right  angles  to  the  medullary  canal  by 
;ht  transverse  lines  into  a  number  of  square  segments*     These  seg- 


FlK.  4ffr,— Erubrj^ci  chick  C36 
hours),  yiewed  from  beneath  as  a. 
irttUHpariecib    object    (maji^ffled). 

f*L  outline  of  pJIucid  areii,  FB, 
ore-braln,  or  rlrst  cerebral  rmkU 
clr:  from  Ita  sidti*  project  op,  the 
optic  vegicle;  SO,  biackwttrd  Mm  it 
or  tKimatopleure  fold,  "tucked  in" 
under  ht'od;  a.  h»id*fo]d  of  true 
anninioQ;  a\  reflected  layer  of  am- 
nion, Aometimes  termed  ** false 
amuion ;"  #17,  backward  limit  of 
f^pJanchnopleimj  folds^  along 
which  nm  the  oniphalomf«nraio 
veiiiM  urijtin^  to  form  h,the  hearty 
which  is  «in tinned  forward  into 
to,  tbe  biilbiiit  arteriosus ;  ff,  the 
fore  ^ut»  lying  t>ehiQd  the  lu^rt, 
and  ihaving  a  wide  cresceatlo 
opening  between   the  spjaiichno- 

Sleure  foldB;  HB^  hind-brain; 
tB^  mld'brain:  pt\  protoverte- 
brre  lying  lieiilnd  the  fore-Kut: 
mc,  line  of  junction  of  medullary 
folds  and  of  not^Khord ;  i^ji^  ver- 
tebral pifttes;  pr,  the  primitive 
gi'oove  mi  its  caudal  end.  iFceX/er 
and  Balfour.) 
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ments,  which  are  the  surface  appearance  of  cubes  of  mesoblast,  aro  the 
mesoblastic  somites  or  protovertebrae.  The  first  three  or  four  of 
the  protovertebrse  make  their  ^appearance  in  the  cervical  region,  while 
one  or  two  more  are  formed  in  front  of  this  point:  and  the  aerieeis 
continued  backward  till  the  whole  medullary  canal  is  flanked  by  than 

A 


Fig.  46&  — Transverae  section  through  doraal  region  of  emhnro  chick  C46  hra.).  One  half  of  the 
section  is  represented :  if  completed  it  would  extend  as  f ar  to  ttie  left  aa  to  the  right  ottJbtHm 
of  the  medullary  canal  (He).  A,  eplblast;  C.  hypoblast,  consisting  of  a  single  layer  of  flstteaed 
cells;  Mc,  medullary  canal ;  Pi\  protovertebra:  W(L,  WolflSan  daot;  So,  somatoplaore:  ^*^ 
splanchnopleure;  pp,  pleuro-peritoneal  cavity;  oh,  notochord:  ao^  dorsal  aorta,  coDtoiniflf 
blood  oells;  v,  blood-vessels  of  the  yolk-sao.    (Foster  and  Balfour.) 

(fig.  467).  That  which  is  first  formed  corresponds  to  the  second  cervi- 
cal vertebra.  From  these  somites  the  vertebra  and  the  trunk  muscles 
are  deriveld. 

Head  and  Tail  Folds.  Body  Cavity, — Every  vertebrate  animal  con- 
sists essentially  of  a  longitudinal  axis  (vertebral  column)  with  a  neural 
canal  above  it,  and  a  body-cavity  (containing  the  alimentary  canal) 
beneath. 

We  have  seen  how  the  earliest  rudiments  of  the  central  axis  and  the 
neural  canal  are  formed ;  we  must  now  consider  how  the  general  body- 


Fig.  400.— Diagrammatic  longitudinal  section  through  the  axis  of  an  embryo.  The  hesd-foU 
has  commenced,  but  the  tail -fold  has  not  yet  appeared.  FSo^  fold  of  the  somatopieuR:  fW', 
fold  of  the  splanchnopleure;  the  line  of  reference,  FsOs  lies  outside  the  embryo  in  the  "mott 
which  marks  off  the  overhanging  head  from  the  amnion ;  D,  inside  the  embryo,  is  thst  pan 
which  is  to  become  the  fore-gut:  7!^  and  /^,  are  both  parts  of  the  head-fold,  and  travel  tow 
left  of  the  figure  as  development  proceeds:  pp,  space  between  somatopleure  and  splanchDopknn< 
pleuro-peritoneal  cavity;  Am,  commencing  head-fold  of  anmion;  AC.  neural  canal;  (X  DOto- 
chord;  Ht,  heart;  A,  B,  C,  eplblast,  mesoblast,  hypoblast.     (Foster  and  Balfour.) 

cavity  ip  developed.  In  the  earliest  stages  the  embryo  lies  flat  on  the 
surface  of  the  yolk,  and  is  not  clearly  marked  off  from  the  rest  of  the 
blastoderm :  but  gradually  the  head-fold  or  cresoentic  depression  (with 
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l^i^concavity  backward)  is  formed  iu  the  bliistoderm,  limiting  the  head 
>f  the  embryo;  the  bhustoderm  is,  m  it  were,  tucked  in  imder  the  head, 

rhicli  thus  cornea  to  project  above  the  general  surface  of  the  membrane: 
similar  tucking  in  of  bla-stoderm  takes  place  at  the  caudal  extremity, 
kxid  thoa  the  head  and  tail  folds  arc  formed, 

I  Similar  depressions  mark  oil  the  embryo  laterally,  nntil  it  is  com- 
f>lytely  surrounded  by  a  sort  of  moat  which  it  overhangs  on  all  sides,  and 
irlnch  clearly  defines  it  from  the  yolk. 

This  moat  runs  in  further  and  further  all  round  beneath  the  over- 
aging  embryo,  till  the  latter  comes  to  resemble  a  canoe  turned  upside- 


Ftif.  470,— Diaftrammatlc  pectlon  showing  the  relation  in  a  maninial   beiwe*?n  the  primitive 

ImeotAry  cAoal  anrl  tlip  niembrane,«4  of  the  ovuin.     The  }*tmre  repriesented  iu  this  tUatsfriuii  cor- 

~  onds  to  that  of  thii  flft*N*nth  or  sk*vent*»eiith  day  in  the  hiimiin  embryo,  prtnloUH  to  the  ex- 

lion  of  tliQ  allautolK;  r,  the  viUoiis  rhorioti;  ti.  the  lunnkiD;  a',  the  plaoe  of  eonvergenoie  of 

*  uunion  aenl  refl^'etfon  of  thefuln*'  aiimion  ft'  h\  or  outer  or  tunieHiuH  layer;  c,  the  head  and 

nk  of  Hit"  embryo,  eomprlsinK  the  prixaative  vi^rttMjra*  and  c*rebro-«|>inal  axis;  »    i,  theHinii|dt$ 

neutary  ranal   iu  1t«  ii[>]H'r  and    h»wer  iwirtions.     Inimedialidy  li**niiatb  the  ripht  hand  i  is 

Bn  thn  f.rijit  Jv'art,  lytn^  in  the  anlerior  part  of  the  plenropt^rttnnflAl  cavity;  t\  the  yc^lk-fiiLC 

unihilioil  v.^Hicl*?:  v  i\  the  vitidio  intent inal  op-tvini?:  u,  the  all&ntoJs  tx>iineftoci  by  a  pedicle 

Ith  Lbe  aual  (x^rtion  of  the  alinientary  cdaaL     iQuaJti. ) 


>wn,  the  ends  and  middle  iKdng,  as  it  were,  decked  in  by  the  folding 
tucking  iu  of  the  blastoderm,  while  on  the  ventral  surface  there  is 
til  a  large  communication  with  the  yolk,  corresponding  to  the  well  or 
pudecked  portion  of  the  canoe. 

This  communication  between  the  embryo  and  the  yolk  is  gradually 

intracted  by  the  further  tucking  in  of  the  blastoderm  from  all  sides, 

it  becomes  narrowed  down,  lis  by  an  invisible  constricting  band,  to 
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a.  mere  pedicle  which  passes  oat  of  the  body  of  the  embryo  at  the  point 
of  the  future  umbilicus. 

The  downwardly  folded  portions  of  blastoderm  are  termed  the  vis- 
ceral plates. 

Thus  we  see  that  the  body-cavity  is  formed  by  the  downward  folding 
of  the  visceral  plates,  just  as  the  neural  cavity  is  produced  by  the  up- 
ward growth  of  the  dorsal  laminaB,  the  difference  being  that,  in  the  ns- 
ceral  or  ventral  laminse,  all  three  layers  of  the  blastoderm  are  concerned. 

The  folding  in  of  the  splanchnopleure,  lined  by  hjrpoblast,  pinches 
off,  as  it  were,  a  portion  of  the  yelk-sac,  inclosing  it  in  the  body-canty. 
This  forms  the  rudiment  of  the  alimentary  canal,  which  at  this  period 
ends  blindly  toward  the  head  and  tail,  while  in  the  centre  it  communi- 
cates freely  with  the  cavity  of  the  yolk-sac  through  the  canal  termed 
vitelline  or  omphalo-mesenteric  duct. 

The  yolk-sac  thus  becomes  divided  into  two  portions  which  communi- 
cate through  the  vitelline  duct,  that  portion  within  the  body  giving 


Vig.  471 


Fig.  472. 


Figs.  471,  472  and  473.— DiaKrams  ahowinff  three  sucoesslve  staffes  of  develoL 
verae  vertical  sectioos.  The  yolk-sac,  v»,  18  seen  progressively  diminishing  m  siae.  _ 
embryo  itself  the  medullary  canal  and  notochord  are  seen  in  section.  a\  in  middle  flffure,  the 
alimentary  canal,  becoming  pinched  off,  as  it  were,  from  tiie  yolk-sac;  a'  in  right-hand  flfore, 
alimentanr  canal  completely  closed;  a,  in  last  two  flgwes,  amnion;  oc,  cavity  of  amnion  nlled 
with  amniotic  fluid ;  pn,  space  between  amnion  and  Morion  continuous  with  the  pleuro-perito- 
neal  cavity  inside  the  body;  vi.  vitelline  membrane;  y«,  yolk-sac,  or  umbilical  vencle.  ^^ 
and  Balfour.) 


Intlie 


(Fo«t«r 


rise,  as  above  stated,  to  the  digestive  canal,  and  that  outside  the  body 
remaining  for  some  time  as  the  umbilical  vesicle  (fig.  473,  ys,).  The 
hypoblast  forming  the  epithelium  of  the  intestine  is  of  course  continuous 
with  the  lining  membrane  of  the  umbilical  vesicle,  while  the  visceral 
plate  of  the  mesoblast  is  continuous  with  the  outer  layer  of  the  umbilical 
vesicle. 

All  the  above  details  will  be  clear  on  reference  to  the  accompanying 
diagrams. 

At  the  posterior  end  of  the  embryo  chick,  when  the  amniotic  fold  is 
commencing  to  be  formed,  and  the  hind  fold  of  the  splanchnopleure  has 
commenced,  there  remains  for  a  time  a  communication  between  the 
neural  canal  and  the  hind  gut,  which  is  called  the  neurenteric  canal. 


asses  in  at  the  point  where  the  notochord  falls  into  the  primitive 
,k.  The  anterior  part  of  the  primitive  streak  becomes  the  tail 
ling,  the  posterior  part  atrophies,  and  the  corresjwndiiig  lateral 
of  the  blustoderni  forms  part  of  the  body- wall  of  the  embryo. 
The  anterior  part  of  the  medullary  canal  haviDg  been  completely 
?d  in,  the  foremost  portion  nudergoea  dilatation,  and  a  bulb,  the 
or  anterior  cerebral  vesicle,  results.  From  either  side  of  this 
atiou  a  process,  the  cavity  of  whicli  is  in  communication  with  it, 
parated  off,  which  is  called  the  optic  vesicle. 

k*himi  tfie  first  cerebral  vesicle  two  other  vesicles  now  arise,  the 
ind  or  middle,  and  the  third  or  posterior  cerebral  vesicle,  and 
Lc  posterior  part  of  the  head  two  small  pits,  the  auditory  vesicles 
its,  are  to  be  seen.  The  folding  of  the  head,  it  should  be  recol- 
d,  is  the  cause  of  the  inelosure  below  the  neural  canal  (fig.  4*}1>)  of 
nal  ending  blindly^  which  has  in  front  the  splancbnoplenre,  and 
h  is  just  as  long  as  the  involution  of  that  membrane.  This  canal 
ic  fore-gut.  In  the  interior  of  the  sphmchnopleure  fold  below  it 
een  in  fig;  4*il>)  in  the  pleuro-peritoneal  eiivity  the  heart  is  formed, 
lie  point  wiiere  the  sphinchnopleore  makes  its  turn  forward.  It 
8  as  a  thickening  of  the  raesoblast  on  either  side  as  the  two  splanchno- 
re  folds  diverge,  and  of  a  thickening  of  the  mesoblaet  at  the  point 
ivergence.  So  that  at  first  the  rudiment  of  the  heart  is  like  an 
rted  V,  which  by  the  gradual  coming  together  of  the  diverging 
I  is  converted  into  an  inverted  Y. 

The  cylinders  become  hollowed  out,  and  are  thus  converted  into 
B,  which  tlien  coalesce.  Layers  are  separated  off  toward  the  interior, 
:h  l>ec.ome  the  epithelial  lining,  and  the  mass  of  the  mesoblast  sur- 
ding  this,  afterward  form  the  muscle  and  serous  covering,  while  at 
the  rudimentary  organ  is  attached  to  the  gut  by  a  mesoblastic  mes- 
ry,  the  mtsoeardimn, 

FcETAL  Membranes. 

Jmbilical  Vesicle  {Volk-sae), — The  splanchnopleure,  lined  by  hy- 
ast,  forms  the  yolk-sac  in  reptiles,  birds,  and  mammals;  but  in 
Kibia  and  fishes,  since  tliere  is  neither  amnimi  nor  allanlmsy  the  wall 
le  yolk-sac  consists  of  all  three  layers  ol  the  blastoderm,  inclosed,  ol 
se,  by  the  original  vitelline  membrane. 

^he  body  of  the  embryo  becomes  in  great  measure  detached  from 
yolk-sac  or  umbilical  vesicle,  which  contains,  however,  the  greater 
of  the  substance  of  the  yolk,  and  furnishes  a  source  whence  notri- 
t  is  derived  for  the  embryo.  This  nutriment  is  absorljed  by  the 
erous  vessels  (omphalo-niesenterie)  which  ramify  in  the  walls  of  the 
-saC|  forming  what  in  birds  is  termed  the  area  vasculosa.     In 
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birds,  the  contents  of  the  yolk-sac  afford  nourish meo t  imtil  the  end  ol 
incubiitiou,  und  the  omphalo*iiiescntoric  vofisels  are  developed  to  acorre- 
Bpondiug  degree;  but  in  mLiQitnaUa  the  office  of  the  umbilicnl  ve^clii 
ceases  at  a  very  early  period,  m  the  quantity  of  the  yolk  is  small,  and 
the  embryo  soon  lieeoines  iudepeudent  of  it  by  the  connectioui  it  fonni 
with  the  parent.  Moreover,  in  birda  as  the  sac  is  emptied,  it  is  gradu- 
ally drawu  into  tJie  abdomen  through  the  umbilical  opening,  which  tbea 
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Fig.  47&. 

In  the  clifck.    a,  Arom  peUueida;  6^  art 


H  FIk.  474,-  rUognim  showing  vikHculAr 

Tig.  475,  -  IJumau  tnnbryo  of  flnU  wwk  with  umbilical  vesdele:  ivbout  uatural 
The  hunun  timbllical  vehicle  tiev^er  cjcc^cdft  th<>  size  of  a  amall  i^ca. 


iTwciiioas; 


clofidflovcr  it:  but  in  miniimalia  it  always  remains  on  the  oiitfiide;  and 
aa  it  is  emptied  it  con tnn^ts  (fig.  473),  shrivels  up,  and  together  ffitb 
the  pjirt  of  its  duct  external  to  the  abdomen,  is  detat'hed  and  diaappoars. 
either  before  or  at  the  termination  of  iutra-uterine  life,  the  perji 
ita  disapi)ea ranee  varying  in  different  ordera  of  mammalia. 

Wheu  blood-vessels  begin  to  be  developed,  they  ramify  largely 
the  walls  of  the  undjiJical  vesicle,  and  are  actively  concerned  in  alKsorb- 
iug  its  contents  and  conveying  them  away  for  the  nutrition  of  tiie 
embryo. 

At  an  early  stage  of  development  of  the  f(T>tus,  and  some  time  before 
the  completion  of  the  change's  which  have  been  just  descrilx*d,  two  im- 
port^mt  structures,  called  respectively  the  amnion  and  the  <////n</o/*,  begin 
to  be  for  mud. 

Amnion. — The  amnion  is  produced  asfollow^a:^ — ^ Beyond  the  head* 
and  tail-folds  before  described  (p.  776),  the  somatopleure  coated  byepi- 
blast,  is  raised  into  folds,  whieh  grow  up,  arching  over  the  embryo,  not 
only  anteriorly  and  posteriorly  but  also  laterally,  and  all  on  verging 
toward  one  point  over  its  dorsal  surface  (fig,  47(»)-  'l^he  growing  up  of 
these  folds  from  all  sides  und  their  convergence  toward  one  point  ^erv 
closely  resembles  the  folding  inward  of  the  visceral  iilateg  alreadv  *i**- 
Bcribed,  and  hence,  by  some,  the  point  at  which  the  amniotic  folds 
meet  over  the  back  has  been  ternjed  the  amniotic  umbilicus. 

The  folds  not  only  come  into  contact  but  coalesce.     The  inner  of 
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^  true  amuiftn^  wbilo  tlio  OTitcr  or  reflected  kyer, 
iometimes  tenned  the  ftiLw  amnujn^  eualeHces  witli  the  inner  siirfaeo  of 
Uie  OTigioiil  vitelline  membrane  to  form  the  subzonat  membrane  or 
falm  rhoritin.  This  growth  of  the  aniniotic  folds  must  of  eonrse  be 
elearly  distinguished  from  the  very  gimiliir  process,  already  described,  by 
irliieh  at  a  much  earlier  stage  the  walls  of  the  neural  canal  are  formed. 

The  cavity  between  the  true  amnion  and  the  external  surface  of  the 
fmbryo  becomes  a  closed  space,  termed  the  itmnhtie  eaviltj  {ttt\  tig.  473). 

At  first,  the  amnion  closely  invests  the  embryo,  but  it  becomes  grad- 
lally  distended  with  fluid  {Uqnor  amnii)^  which,  as  pregnancy  advances, 
Cliches  a  considerable  r|mintity. 

This  fluid  consists  of  water  containing  small  quantities  of  albumen 
Hid  urea,  Its  chief  function  duriug  gestation  appears  to  he  the  me- 
shanical  one  of  aiTnr<ling  ef|tml  support  to  the  embryo  on  all  sides,  and 
}t  protecting  it  as  far  as  possible  from  tbi)  effects  of  blows  and  other 
injuries  to  the  abdomen  of  the  mother. 

The  embryo  \\\i  to  the  end  of  pregnancy  is  thns  immersed  in  fluid, 
which  duriug  parturition  serves  the  important  purpose  of  gradually  and 
evenly  dilating  the  neck  of  the  uterus  to  allow  of  the  passage  of  the  ftptus: 
^lien  this  is  accomplished  the  amniotic  sac  bursts,  and  the  waters  escape. 

On  referring  to  figs.  471,  472  au<l  473,  it  will  be  obvious  that  the 
cavity  outside  the  amnion,  between  it  and  the  false  amnion,  is  continu- 
4>U8  with  the  plenro- peritoneal  cavity  at  the  umbilicus.  This  cavity  is 
not  entirely  obliterated  even  at  birth,  and  conttiins  a  small  quantity  of 
Hmd,  which  is  discharged  during  parturition  either  before,  or  at  the 
teme  time  as  the  amniotic  fluid- 

AUantois,— Into  the  plenro-peritoneal  space  the  allantois  sprouts 
c>ut,  its  formation  commencing  during  the  development  of  the  amnion. 

Growing  out  from  or  near  the  hinder  portion  of  the  intestinal  canal 
k»  fig.  476),  witb  which  it  communicates,  the  allantois  is  at  first  a  solid 
jJear-shaped  mass  of  Bplanchnopleure;  but  becoming  vesicular  by  the 
projection  into  it  of  a  hollow  outgrowth  of  hypol>h»st,  and  very  soon 
limply  membraneous  and  vascular,  it  insinuates  itself  lietween  the  amni- 
[>tic  folds,  just  described,  and  comes  into  close  contact  and  union  with 
tbe  out'Cr  of  the  two  folds,  which  has  itself,  tis  before  said,  become  one 
^ith  the  external  investing  membrane  of  the  egg.  As  it  grows,  the 
allantois  develops  muscular  tissue  in  its  external  wall  and  becomes  ex- 
ceedingly vascular;  in  birds  (fig.  477)  it  envelops  the  whole  embryo — 
taking  up  vessels,  so  to  speak,  to  the  outer  investing  membrane  of  the 
^g,  and  lining  the  inner  surface  of  the  shell  witb  a  vascular  membrane, 
%  these  moans  uiTording  an  extensive  surface  in  which  the  blood  may 
fee  acrat^'d.  fn  the  human  subject  and  in  other  mammaliji,  the  vessels 
Barried  out  by  the  allantois  are  distributed  only  to  a  special  part  of  the 
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onter  membrane  or  false  cAoriofiy  where,  by  interlacement  with  the  Ta»- 
cular  system  of  the  mother,  a  structure  called  the  placenta  is  de?eloped. 
In  mammalia,  as  the  visceral  laminse  close  in  the  abdominal  cavity, 
the  allantois  is  thereby  divided  at  the  umbilicus  into  two  portions;  the 
outer  part,  extending  from  the  umbilicus  to  the  diorion^  soon  shriTelling; 
while  the  inner  part  remaining  in  the  abdomen,  is  in  part  converted  into 
the  urinary  bladder;  the  portion  of  the  inner  part  not  so  converted, 
extending  from  the  bladder  to  the  umbilicus,  under  the  name  of  the 
urachu^.  After  birth  the  umbilical  cord,  and  with  it  the  external  and 
shrivelled  portion  of  the  allantois,  are  cast  off  at  the  nmbilicns,  while 
the  urachus  remains  as  an  impervious  cord  stretched  from  the  top  of 
the  urinary  bladder  to  the  umbilicus,  in  the  middle  line  of  the  bodj, 


Figr.  476.  Fig.  4rr. 

Tig.  478.— Dia^ani  of  fecundated  egg.  a,  umbilical  vesicle;  b,  amniotic  cavity;  r.  allaatoii 
CDalb>n.) 

Vig.  477.— Fecumlated  egg  with  allantoic  nearly  complete,  a,  inner  laj-er  of  amniotic  f«U: 
b,  outer  layer  of  ditto;  c.  i>oint  wliere  the  amniotic  folds  come  in  contact.  The  allaotoif » 
Been  penetrating?  between  the  outer  and  inner  layers  of  the  amniotic  folds.  This  fl^ure.  vhia 
repreMents  only  the  amniotic  tolds  and  the  parts  within  them,  should  be  com|>area  with  tp- 
475,  479,  in  which  will  \h?  found  the  structures  external  to  these  folds.     CDalton.) 

immediately  beneatli  tlie  parietal  layer  of  the  peritoneum.  It  is  some- 
times enumerated  among  the  ligaments  of  the  bladder. 

It  must  not  be  supposed  that  the  phenomena  which  have  been  &'^^ 
cessively  described,  occur  in  any  regular  order  one  after  another.  On 
the  contrary,  the  development  of  one  part  is  going  on  side  by  side  with 
that  of  another. 

The  Chorion. — It  has  been  already  remarked  that  the  allantois  is 
a  structure  which  extends  from  the  body  of  the  foetus  to  the  outer  in- 
vesting membrane  of  the  ovum,  that  it  insinuates  itself  between  the  two 
layers  of  the  amniotic  fold,  and  becomes  fused  with  the  outer  layer, 
which  has  itself  become  previously  joined  with  the  vitelline  membrane. 
By  these  means  the  external  investing  membrane  of  the  ovum,  or  the 
true  chorion,  as  it  is  now  called,  represents  three  layers,  namely,  the 
original  vitelline  membrane,  the  outer  layer  of  the  amniotic  fold,  and 
the  allantois. 

Very  soon  after  the  entrance  of  the  ovum  into  the  uterus,  in  the 
human  subject,  the  outer  surface  of  the  chorion  is  found  beset  with  fine 


FigSL  478  ftud  iT^.—a,  chorion  with  villi.  The  villi  are  shown  to  be  best  rtevploped  In  the 
iJt  of  Che  choHoa  to  which  the  al^antms  ia  ext.enditiii!':  ihlA  portictn  iiltimftt<*ly  Ij+x-omtss  the 
tacenta;  b,  ipace  between  the  two  layers  of  the  amnion;  c,  amniotic cavit}^  tf,  Bituation of  the 
itestine.  abowinir  it«  connection  with  the  umbilical  vealcle;  e^  uinbilje&l  Tealcle;/,  aituatioa  of 
urtftod  vemela;  g,  allantoia. 

hem  of  loops  of  capillaries  (fig,  480) ;  and  the  latter  at  length  form  the 
aioute  extremities  of  the  blood-vessels  which  are,  bo  to  speak,  conducted 
rom  the  foetus  to  the  chorion  by  the  allantois.  The  function  of  the 
illi  of  the  chorion  is  evidently  the  absorption  of  nutrient  matter  for 
he  fcBtus;  and  this  is  probably  supplied  to  them  at  first  from  the  fluid 
natter,  secreted  by  the  follicular  glands  of  the  uterus,  in  which  they 
ire  soaked.  Soon,  however,  the  fcetal  vessels  of  the  villi  come  into 
uore  intimate  relation  with  the  vessels  of  the 
iterua.  The  part  at  which  this  relation  between 
he  vessels  of  the  foetus  and  those  of  the  parent 
nsues,  is  not,  however,  over  th^  whole  surface  of 
he  chorion;  for,  although  all  the  villi  become 
*aacnTar,  yet  they  become  indistinct  or  disappear 
ixoept  at  one  part  where  they  are  greatly  devel- 
oped, and  by  their  branching  give  rise,  with  the 
^eesela  of  the  uterus,  to  the  formation  of  the 
Placenta. 

To  understand  the  manner  in  which  the  fmfal 
«id  fnaternal  hlood-veasela  come  into  relation 
rtth  each  other  in  the  placenta,  it  is  necessary 
briefly  to  notice  the  changes  which  the  uterus  undergoes  after  impreg- 
Ution,  These  changes  consist  especially  of  alterations  in  structure  of 
•^e  superficial  part  of  the  mucous  membrane  which  lines  the  interior  of 
»te  uterusj  and  which  forme,  after  a  kind  of  development  to  be  imme- 
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diately  described,  the  tnembntna  decidua^  so  called  on  accoant  of  iU 
being  discharged  from  the  uterus  at  birth. 

Formation  of  the  Placenta. 

The  mucous  membrane  of  the  human  uterus,  which  oonrists  of  i 
matrix  of  connective  tiasuo  contaiuiiig  numerous  corpuaclefl,  and  ia  lined 
internally  by  columnar  ciliated  epithelium,  ia  abundantly  b^et  with 
tubular  glands,  arranged  perpend icuhirly  to  the  surface  (tig*  48l)»   Tleift 
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Fig.  481,— Section  of  tho  lininfc  membraDe  of  &  human  tit«rus  at  tbe  period  of  t 
pFeffoatioy  Rliowiu*?  the   arraDKemetit  acid  oUi«?r   pfM^tiliarities  of   th«*  ^aiios,  d,  d,  d,  irtlkll 
orlfIot5«,  a.  a,  a,  on  th»  Internal  turfaoe  of  the  organ.     Twice  the  natural  alaa 

follidea  are  very  small  in  the  imimpregnated  uterns;  but  whenei 
shortly  after   impregiiatioo.   they  are   found  elongated,  enla 
much  waved  and  contorted  toward  their  deep  and  closed  eitremitf^ 
which  is  planted  at  some  depth  in  the  tissue  of  the  uterus,  and 
dilate  into  two  or  three  closed  sacculi. 

The  glands  are  lined  hy  columnar  {  (?)  ciliated)  epithelium  and  tkj 
oj>en  on  the  inner  surface  of  the  mncons  membrane  by  small  round  on- 
iices  act  closely  together  (<^  //,  fig.  4S1). 

On  the  internal  surface  of  the  mucous  membrane  may  be  seen  tin 
circular  orifices  of  the  glands,  many  of  which  are,  in  the  earl- 
pregnancy,  surrounded  by  a  whitish  ring,  formed  of  the  ^ 
which  lines  the  follicles. 

Coincidently  with  the  occurrence  of  pregnancy,  important  chang 
occur  in  the  structure  of  the  mucous  membrane  of  the  uterus.  Th 
epithelium  and  aub-epithelial  connective  tissue,  together  with  the  tab 
lar  glands,  increase  rapidly,  and  there  is  a  greatly  increased  vascolari^ 
of  the  whole  mucous  membrane,  the  vessels  of  the  mueoud  memhn 
becoming  larger  and  more  numerous;  while  a  substance  composed  cbici 
of  nucleated  cells  fills  up  the  iutcrfollicular  spaces  in  which  the  blr* 
vessels  arc  contjiined.  The  effect  of  these  changes  is  an  increased  tiiicki 
nes,  softness,  and  vascularity  of  the  mucous  membrane,  the  sup 
part  of  which  itself  forms  the  membrana  decidua. 

The  object  of  this  increased  devclo]imcnt  i^eems  to  be  tlie  prodoc 
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^  nutritive  materials  for  the  ovum;  for  the  cavity  of  the  uterus  shortly 
jcomes  filled  with  secreted  fluid,  consiatiug  almost  entirely  of  nucleated 
tils  in  which  the  chorion  villi  are  imbedded. 

When  the  ovum  first  enters  tlie  uterus  it  becomes  imbedded  in  the 
ructure  of  the  decidua,  which  is  yet  quite  soft,  and  in  which  soon 
fterward  three  portions  are  distinguishable.  These  have  been  named 
le  decidua  vera^  the  decidua  reflexu^  and  the  decidua  seroiirm. 

The  first  of  these^  the  decidua  vera,  lines  the  cavity  of  the  uterus; 
le  second,  or  decidua  reflexa,  is  a  part  of  the  decidua  vera  which  grows 
p  around  the  ovum,  aud  wrapping  it  closely,  forms  its  immediate 
iTestment. 

The  third,  or  decidua  serotina,  is  the  part  of  the  decidua  vera  which 
scomes  especially  developed  in  conncetrou  with  those  villi  of  the  cho- 
on,  which,  instead  of  disappearing,  remain  to  form  the  fcBtai  part  of 
tie  placmiia. 

In  connection  with  these  villous  processes  of  the  chorion,  there  are 
ieveloped  depressions  or  crypts  in  the  decidual  mucous  membrane,  which 
»rrespond  in  shape  witli  the  villi  they  are  to  lodge;  and  thus  the  chori- 
>!iic  villi  become  more  or  less  imbedded  in  the  maternal  structurea. 


FJif,  483.  — Bi&gram  of  anccrljrsl*^  of  the  forniatkMi  of  tbe<  human  placenta.  <x,  pmbryo; 
I  Amnioii;  c,  placental  Teaaeli;  d,  duMsidua  rt^tlexa;  <r,  iillAatoij^;  /,  plojct'aUil  villi;  g^  tnucoiui 
membrane.    (OBdiatJ 

'heso  uterine  crypts,  it  is  important  to  note,  are  not,  as  was  onc€  sup- 
osed,  merely  the  open  mouths  of  the  uterine  follicles. 

As  the  ovum  increases  in  size,  the  decidua  vera  and  the  decidua 
eflexa  gradually  come  into  contact,  aud  in  the  third  month  of  preg- 
ancy  the  cavity  between  them  hiis  almost  disappeared.  Though  the 
no  layers  come  into  contact  at  the  third  month,  they  are  not  closely 
malganiated  until  the  end  of  the  sixtli  month. 

The  Placeata.— During  these  changes  the  deeper  part  of  the  mu* 
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ooui  membrane  of  the  uterus,  at  and  uear  the  region  where  the  plice&U 
IB  placed,  beoomes  hollawed  out  by  sinuses,  or  cavernous  spaoei,  which 
communicate  on  the  oue  bund  with  arteries  and  on  the  other  withveim 
of  the  uterus.  Into  these  siiiui^t^s  the  villi  of  the  chorion  protradR, 
pushing  the  thin  wall  of  the  sinus  before  them,  and  so  come  intoiDti- 
mate  relation  with  the  blood  eontaiueil  in  them.  Th^€  u  >ia  iirtd 
vummunicAiiion  between  (he  hlmd-veaiieU  of  the  moiJier  and  thou  of  ik 
faius;  but  the  layer  or  layers  of  membrane  intervening  between  thft 


I 


Wte;  tf^«— BlafTraminatlc  y\«vf  of  a  vHrtical  lriiaiiTf*r»i^  (tt^fon  of  Mm  Qierai  tt  the  I 
Ul  OljBtll  WOfill  iiT  [in'giKino.v.  c,  r,  r',  ciivity  of  \itt*nm,  which  becomefttteCATity  of  ihe^d 
omoGbv ftt  C^  Cj  thtii  coniiiii,  inttj  the  FaIIoihiui  ttit»»!4,  anil  at  c'  into  die  cavity  of  the  ^ 
whiehlicloaecl  by  a|»hn<  *if  huicun;  d  i\  *!  i;    it  r,    decidna  reflexa^  with  th*« 

tUM  }mbcdd(!*d  in  lt«  sutn^tiiijcts  d  #.  drvtiii,  iiivohtuisr   tije  niorp  dtfretoped  i 

villi  of  the  comiiM?nf liip  plttcvtiL*,    The  fo  '  Jyitiif  in  the  amniotic  aac;  paanfi^wv 

the  umbilicuH  is  mci>ii  tht>  iiirtibUtcaL  cord  axid  ita  vcH^^k,  puMdng  to  Uieir  distributfcm  io  iim^ 
of  the  ehoplon;  alsnt  tlu-  i»fdlelo  of  the  yolk-SAC,  which  lie*  in  the  cavity  betweeo  tibe  i — ' 
and  ehorltin.     iAllt>u  Thomsun.  i 


blood  of  the  one  iin<i  of  the  other  offer  no  obstacle  to  a  free  interch 
of  matters  bet  wet*  n  them  by  diffuaionand  osmosis.     Thus  the  villi  oft 
chorion  containing  fa^tal  blood,  are  bathed  or  soaked  in  maternal  Mcn 
contained   in  the  uterine  sinuses.     The  arrangement  may  be  rooglil]fi 
compared  to  filling  n  glove  with  fmtal  blood,  and  dipping  its  finjr 
into  a  vessel  containing  mutenial  blood.     But  in  the  fwtal  villi  there  i<l 
constant  stream  of  blood  into  and  out  of  the  loop  of  capillary  blood-^ 
contained  in  it,  as  there  is  also  into  and  out  of  the  maternal  sinoaee. 
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jit  would  seem  that,  at  the  villi  of  the  placental  tufts,  where  the 
lal  and  maternal  portions  of  tlio  pkcentii  are  brought  into  close  rela- 
U  with  each  other,  the  biooil  in  the  vessels  of  the  mother  is 
BPated  from  that  in  the  vessels  of  the  foetus  by  the  intervention  of 
^distinct  sets  of  nucleated  cells  {fig.  484).  One  of  these  (b)  belongs 
the  maternal  portion  of  the  placenta,  ia  placed  between  the  membrane 
Ike  villus  and  that  of  the  vascular  system  of  the  mother,  and  is  prob- 
f  designed  to  separate  from  the  blood  of  the  parent  the  materials 
lined  for  the  blood  of  the  ftjetus;  the  other  {/)  belongs  to  the  foBtal 
Hon  of  the  placenta,  is  situated  between  the  membrane  of  the  villus 
the  loop  of  vessels  contained  within^  and  probably  serves  for  the 
brption  of  the  material  secreted  by  the  other  sets  of  cells,  and  for  its 
jveyance  into  the  blood- vessels  of  the  foetus.  Between  the  two  sets  of 
b  with  their  investing  membrane  there  exists  a  spm:e  ((/),  into  which 
I  possible  that  the  materials  secreted  by  the  one  set  of  cells  of  the 
lis  are  poured  in  order  that  they  may  be  absorbed  by  the  other  set, 
[thus  conveyed  into  a  fiptal  vessel. 

Not  only,  however,  is  there  a  passage  of  materials  from  the  blood  of 
mother  into  that  of  the  foetus,  but  there  is  a  mutual  interchange  of 


i^.  48i. — Extremity  of  a  pliurenUl  tIUus.  a,  Itntoj;:  memhraDe  of  the  taacuIaf  &jstem  of 
bother;  b^  <xi\\%  imia^'mtely  lining  a'  d,  space  lM*twt^n  the  maternal  aod  UsatsX  portions  of 
illU0;  iPn  iatemul  titembrane  of  ttie  viUub.  or  t«xtemal  tuembraue  of  the  chorion;  /,  intem&l 
Of  the  ▼lUuft,  or  ceUs  of  the  chorion ;  g^  loop  of  mnbiUcal  vessela     COoodairJ 

rials  between  the  blood  both  of  foetus  and  of  parent ;  the  latter  sup- 

ag  the  former  with  nutriment,   and  in  turn  abstracting  from  it 

trials  which  require  to  be  removed. 

The  placenta,  therefore,  of  the  human  subject  is  composed  of  a 
III  part  and  a  maiej'mjJ  part, — the  term  placenta  properly  including 
[that  entanglement  of  fcetal  villi  and  maternal  sinuses,  by  means  of 
kh  the  blood  of  the  foetus  is  enriched  and  purified  after  the  fashion 
nsary  for  the  proper  growth  and  development  of  those  parts  which 
f  designed  to  nourish. 

fTho  whoJe  of  this  structure  is  not,  as  might  be  imagined,  thrown 
immediately  after  birth.  The  greater  part^  indeed,  comes  away  at 
i  time,  as  the  ufitr-hirih;  and  the  separation  of  this  portion  takes 
pe  by  a  rending  or  crushing  through  of  that  part  at  which  its  cohe- 

18  least  strong,  namely,  where  it  is  most  burrowed  and  undermined 
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by  the  cavemous  spaces  before  referred  to.  In  this  way  it  is  cait  (f 
with  the  footal  membrane  and  the  decidua  vera  and  reflexa,  togetlMr 
with  a  part  of  the  decidaa  serotina.  The  remaining  portion  withflo^ 
and  disappears  by  being  gradually  either  absorbed,  or  thrown  oS  in&i 
uterine  discharges  or  the  lochia^  which  occur  at  this  period. 

A  new  mucous  membrane  is  of  course  gradually  developed,  as  Ai 
old  one,  by  its  transformation  into  the  decidua,  ceases  to  perform  ii 
original  functions. 

The  umbilical  cordy  which  in  the  latter  part  of  foetal  life  is 
solely  composed  of  the  two  arteries  and  the  single  vein  which  resp&dMl 
convey  foetal  blood  to  and  from  the  placenta,  contains  the  remDnnti 
other  structures  which  in  the  early  stages  of  the  development  of  t 
embryo  were,  as  already  related,  of  great  comparative  importance.  Ih^ 
in  early  fa3tal  life,  it  is  composed  of  the  following  parts: — (1.)  ExtaMDli 
a  layer  of  the  amnion,  reflected  over  it  from  the  umbilicus.  (2)  The 
bilical  vesicle  with  its  duct  and  appertaining  omphalo-mesenteric 
vessels.  (3.)  The  remains  of  the  allantois,  and  continuous  with  it  tt 
urachus.  (4.)  The  umbilical  vessels,  which,  as  just  remarked,  ultintttel 
form  the  greater  part  of  the  cord. 

The  Development  of  the  Organs. 

Before  considering  very  briefly*  the  main  points  in  the  deTelopma* 
of  the  chief  organs  and  tissues  of  the  body,  -it  will  be  useful  to  bfl 
l>efore  us  the  following  table,  compiled  by  Schafer,t  showing  the  difo 
ent  parts  derived  from  the  three  blastodermic  layers: — 

From  the  EpihhtHt. — The  whole  of  the  nervous  system,  includii^ 
not  only  the  central  or^j^ans  (brain  and  spinal  cord),  but  also  the  per* 
pheral  nerves  and  sympathetic. 

The  epithelial  struotures  of  the  organs  of  special  sense. 

The  epidermis  and  its  appendages,  including  the  hair  and  nails. 

The  epithelium  of  all  the  glands  opening  upon  the  surface  of  tl 
skin,  including  the  mammary  glands,  the  sweat  glands  and  the  aebaoeJi 
glands.     The  muscular  fibres  of  the  sweat  glands. 

The  epithelium  of  the  mouth  (except  that  covering  the  tongue, 
the  adjacent  posterior  part  of  the  floor  of  the  mouth,  which  is  deriH 
from  the  hypoblast),  and  that  of  the  glands  opening  into  it. 

The  enamel  of  the  teeth. 

The  epithelium  of  the  nasal  passages,  of  the  adjacent  upper  partrf 
pharynx  and  of  all  the  cavities  and  glands  opening  into  the  naaal  Ji 
sages. 

*  For  a  more  detailed  account  the  reader  is  referred  to  special  text-boob' 
embryology. 
I  Quain'B  Anatomy.  Xth  Ed.,  Vol.  I.,  Part  I.,  p.  26. 
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in  the  MesoMmt.—The  urinary  and  generative  orgiiiis  (except  the 
ium  of  tlie  urinary  bladder  aud  urethra). 

-tho   voluntiiry  nnd   iu voluntary  muscles  of  the  body  (except  the 
Ikt  fibres  of  the  sweat  ghiuds). 

s  whole   of   the   vascular  and  lymphatic  syeteni,   including   the 
tnembraues  aud  spleen. 

s  skeleton  and  all  the  eouuective  tissues  and  structures  of  the  body; 
m  the  Ht/poithtsL — The  epithelium  of  the  ulinieutary  canal  from 
_*k  of  the  mouth   to  the  ntnis^  and  that  of  all  the  glands  which 
ito  this  part  of  the  alimentary  tuix\ 
i  epithelium  of  the  EuBtaehian  tube  aud  tympanum, 
>  epithelium  of  tfie  hrnnehial  tubes  and  air  siicB  of  the  lungs. 
!  epithelium  lining  the  vesicles  of  tlie  thyroid  body. 
J  epithelial  nests  of  the  thymus, 
)  epithelium  of  the  urinary  bladder  aud  urethra, 
remains  now   to  conBi<ier   in   succession   the  development  of  the 
organs  and  systems  uf  organs  in  tht^   further  progress  of  the 


95.— Embryo  chick  r4th  dav),  vli^wcd  lus  a  traii«imrc?iit  ottj+H't,  lyiaK  *^^  tl*  ^^^^  >***^Ip 
[i>.  €  H.  ccrvbral  li»»miHpht*n's;  F  B.  fon^-hrftm  or  vesicle  of  thinJ  v**iitricle,  with  P», 
md  p^uj♦'iCtlIl^J  fnrm  Ua  summit;  \f  H,  midbriiln:  Ch,  cen*\)t^lhun :  Sl\  ^%  fourth  ven- 
k»n«:  c  h  n,  vhauutln]  Hlit;  On  1',  auditory  vcRJcle;  n  wi,  wiijierior  niaxUuiry  iir*K:<'*8; 
*;.,  flrst.  second,  ihirrl^  and  fciurtK  visceral  foMs:  V,  ftfOi  nerve,  ^udins  orje  branch 
lie)  to  the  eyt*.  nntl  anotlier  to  the  t\r^t  vm^^nH  arrh:  Vll,  seventh  ni'rve,  ims^lnf!  to  the 
iceral  arch :  f/ rA.  ph»ftMO'phar>'iipeiiI  nerve,  pajHsipn:  t*»  the  ihirtl  visceml  ntx-li:  P<}^ 
Lftiric  nt^rve,  fMl.^Min|7  toward  the  foiirtli  vfscera!  arch:  »  t\  in  vest  luff  nmKs;  rft.  nohi- 
1  front  end  cannot  lye-  upcn  in  the  Uvinp  emhryo,  nnti  it  df>es  nciteiirl  as  whown  in  llie  fijj- 
Lken a  i«udrh^ri  l»end  dovrnwartl,  and  then  terminate*;  in  a  point;  7//,  heni't  s#i^n  thronjih 
of  th»?  chent:  -If  P.  niiinr^le  plates :  U\  wIrl^,^  HhowtniK  fotniiienciURr  difTerentiation  of 
corre^potiriinif  to  Bnn.  forearm,  anfl  hand;  f[  L,  hiiml-Umh,  og  yet  a  shaisHdests  hud* 
10  differentiation.     Bcneuth  it  in  seen  the  curved  laU.     (Foster  and  Balfour/) 

.     The  accompanying  figure  (fig.  485)  shows  the  chief  organs  of 
y  in  a  moderately  early  stage  of  development. 
e  Vertebral  Column  and  Cranium. =The  primitive  part  of 
tebral  column  in  uU  the  vertebrata  is  the  chorda  dortitdis  or  no  to- 
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chord,  which  consists  entirely  of  soft  cellular  cartilage.  This  oord 
tapers  to  a  point  at  the  cranial  and  caudal  extremities  of  the  aninui 
In  the  progress  of  its  development,  it  is  found  to  become  indoeed  ini 
membranous  sheath,  which  at  length  acquires  a  fibrous  structure,  com- 
posed of  transverse  annular  fibres.  The  chorda  dorsalis  is  toberegirded 
as  the  azygos  axis  of  the  spinal  column,  and,  in  particular,  of  the  futaie 
bodies  of  the  vertebraB,  although  it  never  itself  passes  into  the  state  of 
hyaline  cartilage  or  bone,  but  remains  inclosed  as  in  a  case  within  tha 
persistent  parts  of  the  vertebral  column  which  are  developed  around 
it.  It  is  permanent,  however,  only  in  a  few  animals:  in  the  majority 
only  traces  of  it  persist  in  the  adult  animal. 

In  many  fish  no  true  vertebrsB  are  developed,  and  there  is  mtj 
graduation  from  the  amphioxusy  in  which  the  notochord  penuii 
through  life  and  there  are  no  vertebrsB,  through  the  lampreys  in  iriiidi 
there  are  a  few  scattered  cartilaginous  vertebrsB,  and  the  sharks,  ii 
which  many  of  the  vertebrad  are  partly  ossified,  to  the  bony  fishes,  wnA 
as  the  cod  and  herring,  in  which  the  vertebral  column  consists  of  i 
number  of  distinct  ossified  vertebrsB,  with  remnants  of  the  notockofd 
between  them.  In  amphibia,  reptiles,  birds,  and  mammals,  there  m 
distinct  vertebrse,  which  are  formed  as  follows: — 

The  mesoblastic  somites,  which  have  been  already  mentioned  (p. 
776),  send  processes  downward  and  inward  to  surround  the  notochord, 
and  also  upward  between  the  medullary  canal  and  the  epiblast  coyeriDg 
it.  In  the  former  situation,  the  cartilaginous  bodies  of  the  vertebw 
make  their  appearance,  in  the  latter  their  arches,  which  inclose  the 
neural  canal. 

The  vertebraB  do  not  exactly  correspond  in  their  position  with  th« 
proto vertebraB :  but  each  permanent  vertebra  is  developed  from  the  con- 
tiguous halves  of  two  protovertebrae.  The  original  segmentation  of  the 
protovertebraB  disappears  and  a  fresh  subdivision  occurs  in  such  a  inj 
that  a  permanent  invertobral  disc  is  developed  opposite  the  centre  of 
each  protovertebra.  Meanwhile  the  protovertebraB  split  into  adowl 
and  ventral  portion.  The  former  is  termed  the  m^isculO'Cut^neous  plate, 
and  from  it  are  developed  all  the  muscles  of  the  back  together  with  the 
cutis  of  the  dorsal  region  (the  epidermis  being  derived  from  the  epiblast). 
The  ventral  portions  of  the  protovertebraB,  as  we  have  already  seen, 
give  rise  to  the  vertebraB  and  heads  of  the  ribs. 

The  chorda  is  now  inclosed  in  a  case,  formed  by  the  bodies  of  the 
vertebraB,  but  it  gradually  wastes  and  disappears.  Before  the  disappear- 
ance  of  the  chorda,  the  ossification  of  the  bodies  and  arches  of  the  yerte* 
braB  begins  at  distinct  points. 

The  ossification  of  the  body  of  a  vertebra  is  first  observed  at  the 
point  where  the  two  primitive  elements  of  the  vertebrae  have  united 
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iferiorly.  Those  vertebrae  which  do  not  bear  ribe^  such  as  the  cer- 
eal vertebne,  hiive  generally  an  additional  centre  of  ossification  in 
ie  transverfie  process,  which  is  to  be  regarded  as  an  abortive  rudi- 
lent  of  a  rib.  In  the  fcptal  bird,  these  additional  ossified  portioni 
arist  in  all  the  cervical  vertebra%  and  gradually  become  so  much  developed 
the  lower  part  of  the  cervical  region  as  to  form  the  npper  false  ribs 
this  class  of  animals.  The  same  parts  exist  in  mammalia  and  man; 
iiose  of  the  last  cervical  vertebrae  are  the  most  developed,  and  in  ehil- 
pen  may,  for  a  considerable  period,  be  distingoished  as  a  separate 
lart  on  each  side  like  the  root  or  head  of  a  rib. 

The  trne  cranium  is  a  prolongation  of  the  vertebral  column,  and  is 
iBveloped  at  a  much  earlier  period  than  the  facial  bones.  Originally, 
i  is  formed  of  but  one  mass,  a  cerebral  capsule,  the  chorda  dorsalia 
Bing  continued  into  its  base,  and  ending  there  with  a  tapering  point. 
ki  an  early  period  the  head  is  bent  downward  and  forward  round  the 
Qd  of  the  chorda  dorsal  is  in  such  a  way  that  the  middle  cerebral  vesicle, 
Dd  not  the  anterior,  comes  to  occupy  the  highest  position  in  the  head. 
Pituitary  Body. — In  connection  with  this  must  be  mentioned  the 
Bvelopment  of  tho  jiituitury  body.  It  is  formed  by  the  meeting  of  two 
Htgrowths,  one  from  the  ftctal  brain,  wiiich  grows  downward,  and  the 
feher  from  the  epiblast  of  the  buccal  cavity,  wdiich  grows  up  toward  it 
^e  surronniling  mcsoblast  also  takes  part  in  its  formation.  The  con- 
&etion  of  tfie  first  j>roee8s  with  the  brain  becomes  narrowed,  and  per- 
Bts  as  tlie  infnndibulum,  while  that  of  the  other  process  with  the  buccal 
^vity  di8a|>pears  completely  at  a  ftjwt  corresponding  with  the  future 
osition  of  tlie   body  of  the  sphenoid. 

Cranium. — -The  first  appearance  of  a  solid  support  at  the  base  of  the 
ranium  observed  hy  MuUer  in  fish,  consists  of  two  elongate*!  bands  of  car- 
lage  (traboculai  cranii),  one  on  the  right  and  the  other  on  the  left  side, 
hich  are  connected  with  the  cartilaginous  capsule  of  the  auditory  ap- 
aratus,  and  which  diverge  to  inclose  the  pitnitary  body  uniting  in 
■'out  to  form  the  septum  uiisi  beneath  the  anterior  end  of  the  cerebral 
ipsule.  Hence,  in  the  cranium,  as  in  the  spinal  column,  there  are  at 
rst  developed  at  the  sides  of  the  chorda  dorsal  is  two  83^mnietrica1  ele- 
ments, which  subsequently  coalesce,  and  may  wholly  inclose  tlie  chorda. 
The  brain-case  consists  of  three  segments:  occipital,  parietal,  and 
'onbvl,  corresponding  in  their  relative  position  to  the  three  primitive 
irebral  vesicles;  it  may  also  be  noted  that  in  front  of  each  segment  is 
a^eloped  a  sense-organ  {auditory,  ocular,  and  olfactory,  from  bebind 
^rward).  The  basis  cranii  consists  at  an  early  period  of  an  unsegmented 
u^tilaginous  rod,  developed  round  the  notoehoru,  and  continued  for- 
^f  d  beyond  its  termination  into  the  trabectdm  cranii^  which  bound  the 
tnitary  fossa  on  either  side. 
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In  this  cartilagiuous  rod  three  centres  of  ossification  appear:  bad- 
occipital,  basi-sphenoid,  and  pre-sphenoid,  one  corresponding  to  each 
segment. 

The  bones  forming  the  vault  of  the  skull,  viz.,  the  frontal,  parietal, 
squamous  portion  of  temporal  and  the  squamo-occipital,  are  ossified  in 
membrane. 

The  Visceral  Clefts  and  Arches. 

As  the  embryo  enlarges,  the  heart,  which  at  first  occupied  a  position 
close  to  the  cranial  flexure,  is  ciirried  further  and  further  backward  until  a 
considerable  part,  in  which  the  mesoblast  is  undivided,  intervenes  between 


—$ 


FIff.  486.— A.  MapnifltHl  view  from  befort*  of  tho  head  and  neck  of  a  human  embiyo  of  »hort 
throe  weeks  (from  Keker.)— 1,  auU»rior  oervhral  vesicle  or  cerebrum;  2,  middle  ditto;  8.  middW 
or  froiitonasal  process;  4,  superior  maxillary  pnxv'sss;  5,  eye;  0,  inferior  maxillary  prow*- * 
first  visceral  arch,  and  below  it  the  first  ch»ft;  i,  8,  9,  second,  third,  and  fourth  arches  and  cleft& 
B.  Ant^^rior  view  of  the  heail  of  a  human  foetus  of  about  the  fifth  week  (from  Ecker,  as  before, 
fljf.  IV.).  1,  8,  3,  5,  the  same  i)artK  as  in  a;  4,  the  external  nasal  or  lateral  frontal  process:  6. 
the  superior  maxillary  nnx'ess:  7,  the  lower  jaw;  X,  the  tongue;  8,  first  branchial  cleft  becom- 
ing the  meatus  auditorius  ext4»mus. 

it  and  the  head.  This  becomes  the  neck.  On  section  it  is  seen  that  in 
it  the  whole  three  layers  are  represented  in  order,  and  that  there  is  no 
interval  between  them.  In  the  neck  thus  formed  soon  appear  the  vis- 
ceral or  branchial  clefts  on  either  side,  in  series,  across  the  axis  of 
the  gut  not  quite  at  right  angles.  They  are  four  in  number,  the  most, 
anterior  being  first  found.  At  their  edges  the  hypoblast  and  their 
epiblast  are  continuous.  The  anterior  border  of  each  cleft  forms  a  fold 
or  lip,  the  branchial  or  visceral  fold.  The  posterior  border  of  the  last 
cleft  is  also  formed  into  a  fold,  so  that  there  are  four  clefts  and  five  folds, 
but  the  three  most  anterior  are  far  more  prominent  than  the  others,  and 
of  these  the  second  is  the  most  conspicuous.  The  first  fold  nearly  meets  iU 
fellow  in  the  middle  line,  the  second  less  nearly,  and  the  others  in  order 
still  less  so.  Thus  in  the  neck  there  is  a  triangular  interval,  into  which 
by  the  splitting  of  the  mesoblast  at  that  part  the  pleuroperitoneal  caritT 
extends.  The  branchial  clefts  and  arches  are  not  all  permanent.  The 
first  arch  gives  of!  a  branch  from  its  front  edge,  which  passes  forward  to 
meet  its  fellow,  but  these  oifshoots  do  not  quite  meet,  being  separated 
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a  process  which  grows  downward  from  i\w  head.  Behvwn  the 
mchee  and  thtj  mniu  first  fold  is  the  mxiiy  of  the  moiitli.  TJie  hraiicbee 
(resent  the  8ai>erior  maxilla,  aud  the  niuin  fuhls  the  mandible  or  lower 
f.  The  central  process,  which  ^n-ows  ilovvn,  h  the  fron to-nasal  pro- 
s. 

In  this  way  the  so-called  visceral  (trchcs  and  rlnfis  are  formed,  four 
Mch  side  (lig,  48B,  a). 

teom  or  in  connection  with  these  arches  the  following  parts  are  derel- 
td;— 

The  first  arch  (mandibular)  contains  a  curtilagiiioim  rod  (Meckers 
tihige),  around  the  distal  cud  of  which  the  hivver  jaw  i.s  developed, 
lie  the  malleus  is  ossified  from  the  proximal  end, 

When  the  maxillary  processes  on  the  two  sidi's  fail  partially  or  com- 
telv  to  unite  in  the  middle  line,  the  well-known  condition  termed 
^i  palate  resnltB.  When  the  integument  of  tlie  face  presents  a  similar 
iciencyj  we  have  the  deformity  known  as  hart'4i}h     Though  these  two 


^/f   ^^M:rr 


^ 


^/i?j 


^ 


-MS 


:^^\ 


Fl||:.  4W.— Embryo  chk*k  (4tli  riayK  vii-wwJ  as  a  tnmHparent  ii^jjwt,  lyiti(^  on  it^  IcTt.  sfile 
Ifiii0ed).  V  H.  wn*bral  hemisp>K*rt*»;  F  H,  forv-bmiii  or  v^-mielt' (if  thrni  vi*ntricle,  with  Fiu 
•«il  Klnn«1  pro j«rtiri«  from  iu  Himimit;  M  B^  uiid-braini  C  h.  i^^ti^hu'IIiiiu:  IV.  V,  fourth  ven^ 
Ir;  L.  IiMist;  V  A  «.  ulutrxMdjil  sUl;  CV*i.  l\  auditory  vi*tiick*;  n  m,  snyKTior  nui^Tillary  (iron's**: 
2b\  olc,  rirsi,  M4H'oiiil,  thir^li,  ftud  fourth  viHc*«r«l  folds:  F,  fifth  nervo,  b;i>tidiDi?  one  branrh 
^tim\nn<i:)  lo  tli»*  vy*'.  and  imotlier  to  tlw  first  viHifral  nrt'h;  VU,  Ht-^ventli  nrrve.  paf^lnjir  to 
st'oond   vistfrul   an'h;    if.   iVi«  piosso-i-iharynpii'al  tK.TVi%  |iaRsluj;  to  th«  thini  visct^ral  arch; 

ntit'uinoi^aiHtric  nrrvt\  |MU4««iii|?  towurd  tho  fourth  vlKceml  andi;  i  v,  itiveistinjj  niawM:  r  A, 
iMLrbord;  lt«  fnuil  end  rannoi  Im"  *ie«^n  in  tlit^  livinp^  fiiibryo,  and  it  dot*«  not  f 'mi  ox  shown  in 
fijfi  <?,  but  itiMi^  a  Kudiini  jM*iid  dowiiwanl,  and  thc-ri  tt-rminiiti^s  in  a  iwdnt;  Ht^  heart  si^m 
m^\x  the  wullt*  *>r  thi*  fboKt.;  M  /*,  niiu»cl**-plnt4^;    IF,  wlu(ij*  »howiii>c  comint*HL':lii^  rJifTen^ntiii^ 

of  fM^jfivif-nLes  <M>rn'j*iKtTidinpc  to  itnn,  forearm,  and  hand;  S  S,  somatic  »t4ilk;  AL  allantols^ 
U  hlml  liiolt,  t^A  yet  a  Hhup<>k>tu$  bvid,  dhonlnf:  no  difTcruntiatlon.  Beneath  it  i»  neen  the 
red  lai  1 .     1  FottteK  ivrii  I  Ball  four.  > 

'ormities  frequently  co-exist^  they  are  by  no  means  always  necessarily 
ociated. 

The  upper  part  of  the  faee  in  the  middle  line  is  developed  from  the 
called  frunial-nmal  process  (a,  3,  tig.  48 G,)     From  tha  semnd  arch 
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are  developed  the  incus^  stapes,  and  stapedius  muscle,  the  styloid  proceBB 
of  the  temporal  bone,  the  styh-hyoid  ligament,  and  the  smaller  comu  of 
the  hyoid  bone.  From  the  third  visceral  arch,  the ^rao^  camu  and  bod^ 
of  the  hyoid  bone.  In  man  and  other  mammaliathe/(mr^A  visoeral  arch 
is  indistinct.  It  occupies  the  position  where  the  neck  is  afterward 
developed. 

A  distinct  connection  is  traceable  between  these  visceral  archee  and 
certain  cranial  nerves:  the  trigeminal,  the  facial,  the  glosso-pharyngeal, 
and  the  vagus.  The  ophthalmic  division  of  the  trigeminal  supplies  the 
fronto-nasal  process;  the  superior  and  inferior  maxillary  divisions  sopplj 
the  maxillary  and  mandibular  arches  respectively. 

The  facial  nerve  distributes  one  branch  (chorda  tympani)  to  the 
first  visceral  arch,  and  others  to  the  second  visceral  arch.  Thns  it 
divides,  inclosing  the  first  visceral  cleft. 

Similarly,  the  glosso-pharyngeal  divides  to  inclose  the  second  yisoeral 
cleft,  its  lingual  branch  being  distributed  to  the  second,  and  its 
pharyngeal  branch  to  the  third  arch. 

The  vagus,  too,  sends  a  branch  (pharyngeal)  along  the  third  arch, 
and  in  fishes  it  gives  off  paired  branches,  which  divide  to  inclose  seyeral 
successive  branchial  clefts. 

The  Extremities. 

The  extremities  are  developed  in  a  uniform  manner  in  all  verte- 
brate animals.     They  appear  in  the  form  of  leaf -like  elevations  from  the 


Fig.  488.— A  human  eiubrj'o  of  the  fourth  week,  3^  lines  in  len|^.~l,  the  chorion;  8,  P*^ 
of  the  amnion;  4,  umbilical  vesicle  with  its  long  pedicle  passing  into  the  abdomen;  7,  tly- 
heart;  8,  the  liver;  9,  the  visceral  arch  destined  to  form  the  lower  jaw,  beneath  whidiaretvo 
other  visceral  arches  separated  by  the  branchial  clefts;  10,  rudiment  of  the  upper  extremitr;  U. 
that  of  the  lower  extremity;  12,  the  umbilical  cord;  15,  the  eye;  16,  the  ear;  17,  cerebral bemi- 
spheres;  18,  optic  lobes,  corpora  quadrigemina.     (MOller.) 

parieties  of  the  trunk  (see  fig.  488),  at  points  where  more  or  less  of  an 
arch  will  be  produced  for  them  within.  The  primitive  form  of  the 
extremity  is  nearly  the  same  in  all  vertebrata,  whether  it  be  destined  for 
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wimmiEg,  crawling,  waiking,  or  %ing.  In  the  human  foetus  the  fin- 
jera  are  at  first  united,  as  if  webbed  for  swimming;  but  this  is  to  be 
egardod  not  so  much  as  an  approximation  to  the  form  of  aquatic 
jiimals,  as  the  primitive  form  of  the  hand,  the  individtial  parts  of  which 
ubsequently  become  more  completely  isolated. 

The  fore-limb  alwuys  jippeiirs  before  the  hind-limb,  and  for  some 
ime  contioues  in  a  more  iidvunced  state  of  development.  In  both 
Imbs  alike,  the  distal  segment  (hand  or  foot)  is  separated  by  a  slight 
lotch  from  the  proximal  part  of  the  limb,  and  this  part  ia  subsequently 
livided  again  by  a  second  notch  (knee  or  elbow -joint). 

The  Vascular  System,— At  an  early  stage  in  the  development  of 
;he  embryo-chick,  the  eo-called  arm  vasculo.m  l>egin8  to  make  its  appear- 
ance. A  number  of  branched  cells  in  the  mesoblast  send  out  processes 
iriich  unite  so  as  to  form  a  network  of  protoplasm  with  nuclei  at  the 
lodal  points.  A  large  number  of  nuclei  acquire  red  color ;  these  form  the 
red  blood-corpuscles.  The  protoplasmic  processes  become  hollo w^ed 
>ut  in  the  centre  so  as  to  form  a  closed  system  of  branching  canals,  in 
the  walls  of  which  the  rest  of  the  nuclei  remain  imbedded.  In  the 
blood-vessels  thus  formed,  the  circulation  of  the  embryonic  blood  com- 
ziences. 

According  to  Klein,  the  first  blood- vessels  in  the  chick  are  developed 
!rom  embryonic  cells  of  the  mesoblast,  which  swell  up  and  become  vacuo- 
ated,  while  their  nuclei  undergo  segmentation.  These  cells  send  out  proto- 
>la8mic  processes,  which  unite  with  corresponding  ones  from  other  cells, 
«id  become  hollowed,give  rise  to  the  capilhiry  wall  composed  of  endothelial 
*oll8;  the  blood  corpuscles  being  budded  off  from  the  endotheliid  wall  by  a 
*^ocea8  of  gemmation, 

ffeari, — About  the  same  early  period  the  heart  makes  its  appearance 
s  a  solid  mass  of  cells  of  the  splanchnoplenre  in  the  manner  before  indi- 
ated. 

At  this  period  the  anterior  part  of  the  alimentary  tube  ends  blindly 
*eiieath  the  notochord.  It  is  beneath  the  posterior  end  of  this  fore-ffni 
tat  the  heart  begins  to  be  developed.  The  heart  when  first  formed  h 
^ado  up  of  two  not  quite  complete  tubes  which  coalesce  to  form  one,  and 
o  when  the  cavity  is  hollowed  out  in  the  mass  of  cells,  the  central  cells 
Wt  freely  in  the  fi« id,  which  soon  begins  to  circulate  by  means  of  the 
•Rythmic  pulsations  of    the  embryonic  heart. 

These  pulsations  take  place  even  before  the  appearance  of  a  cavity, 
Mid  immediately  after  the  first  laying  down  of  the  cells  from  which 
tlie  heart  is  formed,  and  long  before  muscular  fibres  or  ganglia  have  been 
formed  in  the  cardiac  walls.  At  first  they  seldom  exceed  from  fifteea 
to  eighteen  in  the  minute.  The  fluid  within  the  cavity  of  the  heart 
fihortly  assumes  the  characters  of  blood.     At  the  same  time,  the  cavity 
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itself  forms  a  communication  with  the  great  vessels  in  contact  with  it, 
and  the  cells  of  which  its  walls  are  comprised  are  transformed  into  fibrous 
and  muscular  tissues,  and.  into  epithelium.     In  the  developing  chick 
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FiR.  489.— Capillary  blood-vejwels  of  the  tail  of  a  yoiinf?  larval  frog,  o,  capillariefi  p^rm*^ 
able  to  bloo<l :  h,  fat  granules  attache*!  to  the  walls  of  the  veiweln,  and  concealinfr  the  nuclei:  c 
hollow  prolon^jation  of  a  capillary,  ending:  in  a  point:  d,  a  branching  cell  with  nucleus  and  fAt- 
fa*anules:  it  coininunioat*^  by  three  branches  with  prolongation  of  capillaries  already  formed; 
€,  <•,  blo(xl  corpuHch's  still  containing  granules  of  fat.     x  350  times.     (KOlliker. ) 

Fig.  41K).  —Development  (►f  capillariw  in  the  regenerating  tail  of  a  tadpole,  abed,  sprouts 
and  cords  of  protoplasm.     CAmold. ) 

Fig.  491.— The  same  region  after  the  Iai>8c»  of  24  hours.  The  "sprouts  and  cords  of  proto- 
plasm "  have  become  channelled  out  into  capillaries.     (Arnold. ) 

it  can  be  observed    with  the  naked  eye  as  a  minute  red  pulsating  little 
mass  before  the  end  of  the  second  day  of  incubation. 

Blood' vessels, — Blood-vessels  appear  to  be  developed  in  two  ways,  ac- 
cording to  their  size.  In  the  formation  of  large  blood-vessels,  masses  of 
embryonic  cells  similar  to  those  from  which  the  heart  and  other  struct- 
ures of  the  embryo  are  developed,  arrange  themselves  in  the  position, 
form,  and  thickness  of  the  developing  vessel.  Shortly  afterward  the  cells 
in  the  interior  of  a  column  of  this  kind  seem  to  be  developed  into  blood- 


DETELOPMEXT. 


ri>7 


corpLiseles,  while  the  external  layer  of  cells  is  converted  into  the  walL 
of  the  vesi^eh 

In  the  development  of  capillaries  another  plan  is  pursued.  This  haa 
been  well  illustrated  by  KoUiker,  as  observed  in  the  tiiik  of  tadpoles. 
The  lirst  hitend  vessels  of  the  tuil  have  the  form  of  simple  arches,  ptiss- 
ing  between  the  main  artery  and  vein,  and  are  produced  by  the  junction 
of  prolongations,  sent  from  both  the  artery  and  vein^  with  certain  elon- 
gated or  star-shaped  cells^  in  the  snbstjince  of  the  taih  When  tliese  arches 
are  formed  and  are  permeable  to  blood,  new  prolongations  pasLs  from  tlicm, 
join  other  radiated  cells,  and  thus  form  secondary  archos.  In  this  manner, 
the  capillary  network  extenils  in  proportion  as  the  tail  increases  in  length 
and  breadth,  and  it,  at  the  s^ime  tiuie,  Wconies  luoTh  dense  by  til e  forma- 
tion^ according  to  the  same  plan,  of  fresh  vessels  within  its  meshes.  The 
prolongations  by  which  the  vessels comiinmicate  with  the  star-shaped  cells, 
consist  at  hrst  of  narrow  pointed  projections  from  the  side  of  the  vessels, 
which  gradually  elongate  until  they  come  in  contact  with  the  radiated 
processes  of  the  cells.  The  thickness  of  such  a  prohmgation  often  does 
not  exceed  that  of  a  fibril  of  iibrous  tissue,  and  at  first  it  is  perfectly 
solid;  but,  by  degrees,  especially  after  its  junction  with  a  cell,  or  with 
another  prolongation,  or  with  a  vessel  already  permeable  to  blood,  it 
enlarges,  and  a  cavity  then  forms  in  its  interior  (see  tigs.  491,  492). 
This  tissne  is  well  calculated  to  illustrate  the  various  steps  in  the  devel- 
opment of  blood-vessels  from  elongating  and  branching  cells. 

In  many  csises  a  whole  network  of  capilhirics  is  developed  from  a  net- 
work of  branched,  embryonic  connective- tissue  corpuscles  by  the  join* 


Fig.  493,— CapiUarii'K  ttmn  xlw  vitn^oiiH  Juiinor  of  a  Uvttd  cjilf  Two  ves^ls  are  seeu  cou- 
ncdifMl  hy  fi  "ciinr  of  proioplaMm,  and  clotherl  wUh  an  advenOtia,  *xnit/ijriitig  tiunif^roUH  nuclei. 
u»  fDsertioa  of  this  "cord  "  mta  the  primtu-y  wallft  at  ihe  %'i?s»i*t'lH,     tt^rey.) 

ing  of  their  processes,  the  multiplication  of  their  nuclei,  and  the  vacuo- 
lation  of  the  cell -substance.  The  vacuoles  gradually  coalesce  till  all  the 
partitions  are  broken  down,  and  the  originally  solid  protoplasmic  celU 
flubfltance  is,  so  to  speak,  tunnelled  out  into  [i  number  of  tubes. 

Capillaries  may  also  be  developed  from  cells  which  are  originally 
spheroidal,  vacuoles  form  in  the  interior  of  the  cells  gradually  becoming 
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united  by  fine  protoplasmic  processes:  by  the  extension  of  the  vacaolei 
into  them,  capillary  tubes  are  gradually  formed. 

Morphology,  Heart, — When  it  first  appears,  the  heart  is  approxi- 
mately tubular  in  form,  being  at  first  a  double  tube  iheudksingU  one.  It 
receives  at  its  two  posterior  angles  the  two  omphalo-mesenteric  or  fitel- 
line  veins,  and  gives  off  anteriorly  the  primitive  aorta  (fig.  493).  The 
junction  of  the  two  veins  which  pass  into  the  auricle  becomes  remoyed 
further  and  farther  away  from  the  heart,  and  the  vessel  thus  formed  is 
called  sinus  venosus  near  to  the  auricle,  and  ductus  venosns  farther 
away,or  if  it  be  called  by  one  name  that  of  meatus  venosus  may  be  used. 

It  soon,  however,  becomes  curved  somewhat  in  the  shape  of  a  horse- 
shoe, with  the  convexity  toward  the  right,  the  venous  end  being  at  the 
same  time  drawn  up  toward  the  head,  so  that  it  finally  lies  behind  and 
somewhat  to  the  right,  of  the  arteriaL  It  also  becomes  partly  divided  by 
constrictions  into  three  cavities. 

Of  these  three  cavities  which  are  developed  in  all  vertebrata,  that  at 
the  venous  end  is  the  simple  auricle,  with  the  sinus  venosus,  that  at  the 
arterial  end  the  bulbus  arteriosus,  and  the  middle  one  is  the  simple  Ten- 
tricle. 

These  three  parts  of  the  heart  contract  in  succession.  The  auricle 
and  the  bulbus  arteriosus  at  this  period  lie  at  the  extremities  of  the 


Fig.  483.— FcBtal  heart  in  successive  stAA^es  of  development    1,  venous  eztremitjr;  2,  srterisl  ex- 
tremity; 8,  S,  pulmonary  branches;  4,  ductus  arteriosus.     (Dalton.) 

horse-shoe.  The  bulging  out  of  the  middle  portion  inferiorly  gives  the 
first  indication  of  the  future  form  of  the  ventricle  (fig.  493).  The  great 
curvature  of  the  horse-shoe  by  the  same  means  becomes  much  more 
developed  than  the  smaller  curvature  between  the  auricle  and  bulbus; 
and  the  two  extremities,  the  auricle  and  bulb,  approach  each  other 
superiorly,  so  as  to  produce  a  greater  resemblance  to  the  later  form  of 
the  heart,  while  the  ventricle  becomes  more   and  more  developed  in- 
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riorly.  The  heart  of  fishes  retains  theso  cavities,  bo  further  division 
'  mternal  septa  into  right  and  left  chambers  taking  place.  In 
apbibia,  also,  the  heart  throughout  life  conBieta  of  the  three  muscular 
visions  which  are  so  early  formed  in  the  embryo  and  the  sinus  venosus; 
it  the  auricle  is  divided  internally  by  a  septum  into  a  pulmonary  and 
etemic  auricle.  In  reptiles,  not  merely  the  auricle  is  thus  divided  into 
m  cavities,  but  a  similar  septum  but  incomplete  is  more  or  less  developed 

S-  4M.^ Heart  of  the  ebjck  At  theiBtlL  fiStlit  and   8Cith  hoiirB  of   tai^ubatlon.    1,  the  venoua 
trunk!*; :?,  tin?  auricle;  3^  the  veotncJe;  4,  the-  biilbuR  aj-teiiosua.     tAUtft*  ThoaittonO 

the  ventricle.  In  birds  and  mammals,  both  auricle  and  ventricle 
idergo  complete  division  by  aepta;  while  in  these  animals  as  well  as  in 
ptiles,  the  bolbiia  aortic?  is  not  permanent,  but  becomes  lost  in  the  ven- 
icles.  The  septum  dividing  the  ventricle  commences  at  the  apex  and 
tends  upward.  The  subdivision  of  the  auricles  is  very  early  fore- 
adowed  by  the  outgrowth  of  the  two  auricular  appendages,  which 
curs  before  any  septum  is  formed  externally.  The  septum  of  the 
ricles  is  developed  from  a  semilunar  fold,  which  extendti  from  above 
wnward.  In  nian^  the  septum  between  the  ventricles,  according  to 
^ckel,  begins  to  he  formed  about  the  fourth  week^  and  at  the  end  of 
^ht  weeks  is  complete.  The  septum  of  the  auricles,  in  man  and  all 
imals  which  possess  it,  remains  imperfect  throughout  ftetal  life.  When 
*  partition  of  the  auricles  is  first  commencing,  the  two  vena*  eavie  have 
lerent  relations  to  the  two  cavities.  The  superior  cava  enters,  as  in 
I  adult,  into  the  right  auricle;  but  the  inferior  cava  is  so  placed  that 
appears  to  enter  the  left  auricle,  and  the  posterior  part  of  the  septum 

the  auricles  is  formed  by  the  Eustachian  valve,  which  extends  from 
i%  point  of  entrance  of  the  inferior  cava.  Subsequently,  however,  the 
itum,  growing  from  the  anterior  wall  close  to  the  upper  end  of  theven- 
oular  septum,  becomes  directed  more  and  more  to  the  left  of  tlte  vena 
ra  inferior.     During  the  entire  period  of  fietal   life,  there  remains 

opening  in  the  septum,  wliich  the  valve  of  tbe  foramen  ovale,  devel- 
ed  in  the  third  month,  imperfectly  closes. 

The  bulbus  arterkmtSy  which  is  originally  a  single  tube,  becomes 
adually  divided  into  two  by  the  growth  of  an  internal  septum,  which 
HngB  from  the  posterior  wall,  and  extends  forward  toward  the  front 
m  and  downward  toward  the  ventricles.  This  partition  takes  a  some- 
lat  spinal  direction,  so  that  tbe  two  tubes  (aorta and  pulmonary  artery) 
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wliich  result  from   its  completion,  do  not  run   side  by  side,  but  ve 
twisted  round  eacli  other. 

As  the  septum  grows  down  toward  the  ventricles,  it  meets  and  coa- 
lesces with  the  upwardly  growing  ventricular  septum,  and  thus  from 
the  right  and  left  ventricles,  which  are  now  completely  separate,  arise 
respectively  the  pulmonary  artery  and  aorta,  which  are  also  quite  dis- 
tinct. The  auriculo- ventricular  and  semi-lunar  valves  are  formed  by  the 
folds  of  the  endocardium. 

At  its  first  appearance,  as  wo  have  seen,  the  heart  is  placed  jast 
beneath  the  head  of  the  foetus,  and  is  very  large  relatively  to  the  whole 
body;  but  with  the  growth  of  the  neck  it  becomes  further  and  further 
removed  from  the  head,  and  is  lodged  in  the  cavity  of  the  thorax. 

Up  to  a  certain  period  the  auricular  is  larger  than  the  ventricular  din- 
sion  of  the  heart;  but  this  relation  is  gradually  reversed  as  development 
proceeds.  Moreover,  all  through  foetal  life,  the  walls  of  the  right  ven- 
tricle are  of  very  much  the  same  thickness  as  those  of  the  left,  which 
may  probably  bo  explained  by  the  fact  that  in  the  foetus  the  right  ven- 
tricle has  to  propel  the  blood  from  the  pulmonary  artery  into  the  aorti, 
and  thence  into  the  placenta,  while  in  the  adult  it  only  drives  the  blood 
through  the  lungs. 

Arferies. — The  primitive  aorta  arises  from  the  bulbus  arteriosns and 
divides  into  two  branclies  w^hich  arch  backward,  one  on  each  side  of  the 
foregut  and  unite  again  behind  it,  and  in  front  of  the  notochord  intoa 
single  vessel. 

This  gives  off  tlio  two  omphalo-mesenteric  arteries,  which  distribute 
branches  all  over  the  yolk-sac;  this  area  va.^ailosa  in  the  chick  attaiBing 
a  large  development,  and  being  limited  all  round  by  a  vessel  known ai 
the  sinus  terminalis. 

The  blood  is  collected  by  the  venous  channels,  and  returned  through 
the  omphalo-niesenterio  veins  to  the  heart. 

Behind  this  pair  of  primitive  aortic  arches,  four  more  pairs  make 
their  appearance  sucessively,  so  that  there  are  five  pairs  in  all,  each  one 
running  along  one  of  the  visceral  arches. 

I'hosc  live  are  never  all  to  be  seen  at  once  in  the  embryo  of  higher 
animals,  for  the  two  anterior  pairs  gratlually  disappear,  while  the  pos- 
terior ones  are  making  their  appearance,  so  that  at  length  only  three 
remain. 

In  fishes,  however,  they  all  persist  throughout  life  as  the  branchiil 
arteries  supplying  the  gills,  while  in  amphibia  three  pairs  persist  through- 
out life. 

In  reptiles,  birds,  and  mammals,  further  transformations  occur. 

In  reptiles  the  fourth  pair  remains  throughout  life  as  the  permanent 
right  and  left  aorta;  in  birds  the  right  one  remains  as  the  permancDt 
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curving  over   the  right   broiichus   instead    of    the   left    as   ia 
imnials. 

In  mammals  the  left  fourth  aortic  arch  develops  into  the  permanent 
rta,  the  right  one  remaining  as  the  subelaviau  artery  of  that  side, 
lus  the  subclaviun  artery  on  the  right  side  corresponds  to  the  aortic 
on  the  left,  and  this  homok>gy  is  further  confirmed  by  the  fact  that 


L^ 


f/.T 


I' 


•pa, 
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.  495.  — DlafntLin  of  Uie  aortic  arches  in  a  mAinmal,  showing:  tranaform&tloiiB  wlif(^  efve  rise 

rpcnnAQent  arU^rial  v**«3el».     A,  priuiitive  art«^rial  »t4»m  or  itartic  bulb,  now  dlriaed  ioto 

..£ ascending  part  ut  thn  a*jrtie  aivh,  and  p,  tbt*  ijujlinctuaiy;  aQ\  right  and  left  ftortieroot*; 

r  dcBcend in K^  aorta;  I,  s.',  3,  4,  5,   the  five  primitive  aortic  ui-  braneblal  arches;  J,  //.  Ill,  IV^ 

four  brttBclnal  eleft^i  which,  for  the  sake  i»f  eleamewa,  bftv«  l>ecn  ouiittetl  ou  tbe  Tight  lilde, 

?  pemiiiDeiu  syst^'riiio  ve«Helsan'  deeply,  the  pulmon&iy  arteries  lijjrbtl>\  Hiliaded;  uie  porta 

I  the  |iriiiiilive  arrlieh  which   art*  tntuwitory  are  utiiuply  outllued:  f/placed  between  the  per- 

|rient  eoinnion  canaiil  artvrie»^  ce,  exltrnial  earotid  art*iries;  r  t,  tnt4:'nial  earutld  arteries;    /i, 

Hit  Hubeluvititi.  rwinjr  fnitii  the  right  fwirtieriMtt  beyond  the  fifth ttrcb;  r,  riKht  vertebral  from 

P  *v4me,  oitpiwite  the  fourth  arch;  t'''  »'.  left  vert *4tral  imd  siiindavlan  art^'ries   rlKlriK;  together 

Hi  th«?  letl  or  p<:>rnmf]eirt  a*>rtic'  nwt,  oppoHit**  tlie  foiirtb  areb:  }k  rmllutujary  arti'rie^  ri»lnic 

Btber  from  tlj«  left  tVfih  art'h;  d,  oiittT  o?'  Imck  part  of  tlit*  b*ft   (lf(b   »reh,   fomilnK  ductua 

lerlOfiis;   pn,  jfj  n',  riifht  and  left  pneiim4ijiCaHtrie  iiervet*  tle»tt^ndluff   in   front  of  aortic  areh,, 

ll  th*?ir  r^^eiirretit  brauelies  representtHl  diftjrrarrmiet really  &»  pa^^ine  )Hdiirid«  t*>  illuHtrate  the 

fttionj}  of  the*i*^  iierveH  re>ipeetively  tfi  the  ri^rlit  sulH-lavkm  artery  (4>  and  the  arch  of  the  aorta 

1  ductuu  arterii!>a*U!4  id}.     \A\hm  I'homwon,  afti^r  Itathke.  i 

recurrent  laryngeal  nerve  hooks  nnder  the  snljclavian  on  the  right 

e,  and  the  aortic  arch  on  the  left. 

The  third  aortic  arch  remains  as  the  internal  carotid  artery,  while 
fe  fifth  disappears  on  the  riglit  side,  but  on  the  left  forms  the  puhno- 
py  artery.  The  distal  end  of  this  arch  originally  opens  into  the  descend- 
is  aorta,  and  this  communication  (which  is  permanent  throughout 
e  in  many  reptiles  on  both  sides  of  the  body)  remains  through- 
I  foetal  life  under  the  name  of  dnvtns  nrierimvs:  the  branches  of  the 
ilmonary  artery,  to  the  right  and  left  lung,  are  very  small,  and  most 

the  blood  which  is  forced  into  the  pulmonary  artery  passes  through 
t  wide  dnctus  arteriosus  into  the  descending  aorta.     All  these  points 
U  become  clear  on  reference  to  ibe  accompanying  diagram  (fig.  495). 
51 
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As  the  umbilical  veeicle  dwindles  in  size,  the  portion  of  theoH 
mesenteric  arteries  outside  the  body  gradually  disappearSt  the  pari 
the  body  remaining  as  the  meaeuteric  arteries. 

Meanwhile  with  the  growth  of  the  allantois  two  new  arteries  I 
teal)  appear,  and  rapidly  increase  in  size  till  they  are  the  large8t  bg 
of  the  aorta :  they  are  given  off  from  the  internal  iliac  arteries^  i 
a  long  time  are  considerably  larger  than  the  external  iliacs  which 
the  comparatively  small  hind -limbs. 

TVn/,«. — The  chief  veins  in  the  early  embryo  may  be  divi^ 
two  groups,  visceral  and  parietal:    the  former  includes 


Fljf,  406.  —  DtAin^m  of  youiip  <*nfit*ryo  ntir!  it«  v#*«s«*1r,   nhowini^  eoiirae  of  cin 

umbilical  vcsiele;  &iid  alpkj  tliat  of  the  Allaittotn  (mMir  the  eauilut  t*3ctrf*mityj,  whicii  il 
mouclnif.    (Dalton. ) 

Fig,  407,  -Diiifrraiii  of  iMiilirynnuil  its  viw^i-Ir  at  u  >i^«nq| 

Uoa.  Timi  phao-n^c.  u  sihirhaitriis,  and  int^'stinal  caual  h  't«aq| 

enfceilc  arteries  havt- *'ijlarj<t/<  I,  H  hi Im  tlu' umbilicJii   ^  ifpcb«| 

much  reduced  to  ftix/t^.  The  tarifo  umbilical  arteries  an?  ^n^n  t^vvsiii^  out  in  thi*  i^ljut-iDta, 

mesenteric  and  umbilical,   the  latter  the  jugular  and  cardinal 
The  former  may  be  first  considered,  | 

The  earliest  veins  to  appear  in  the  foptua  are  the  omphalo-me^ 
or  vitelline,  which  return  the  blond  from  the  yolk-sac  to  the  dev( 
auricle.  As  soon  as  the  placenta  with  its  umbilical  veins  is  devij 
these  unite  with  the  onipbalo-mesenteric,  and  thus  the  blood 
reaches  the  auricle  comes  partly  from  the  yolk-sac  and  partly  frt 
placenta.  The  right  omphalo-mesenteric  and  the  right  unibilica 
soon  disappear,  and  the  united  left  omphalo-mesenteric  and  nil 
veins  pass  through  the  develop  in  2:  liver  on  the  way  to  the  an  ride,  j 
sets  of  vessels  make  their  appearance  in  connection  with  the  liver 
hepaticfe  advehentes,  and  revehentea),  both  opening  into  the 
omphftlo-mesenterie  and  umbilical  veins,  in  such  a  way  that  • 
of  the  venous  blood  travereing  the  latter  is  diverted  into  the 
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iver,  antl,  having  passed  through  its  capillaries,  returns  to  the  umhili- 
vein  througli  the  veoa^  hepaticee  reveheiites  at  u  poiut  nearer  the 
ieart  (see  fig.  498).  The  portion  of  vein  hotween  the  afferent  and  effe* 
rent  veins  of  the  liver  becomei?  the  ductus  venosus.     The  venie  hepaticae 


Fig.  40©,  — niagrams  illustrnrtlnj?  tJn"  dovt-hipnu^nt  of  veins  alKiut  th«  liven     J?,  d  c,  ducts  of 
ttTi*T,  ritfht  &ud  li^ft;  r  «,  riK''lit  anti  li*ft  trurdmal  %'t*iD«;  o,    It*ft  omiihAlo-mraentertc  vein;  v\ 
'Mlo-meseitit-eric  vt^in,  Hlftitist shrivoni'sl,  up;  tt  u',  umbilical  veiiiis^  of  wtiii;!)  u\  the  right 
*.  intostdtKappwan^l.      R**tw**eti  tht?  vftiw  tn&rtlinaleM  in  sH(*ja  the  QutUDt%  of  the  rudimeDt- 

yii  ith  its  veriii*  hejmtiftir  atlv«>h(Mit<»s,  and  n^voht'iit+is.     l\  dxicUm  venosti«;  t\  hepatic 

rias*;  <  r,    vena  cava  inferior;  I\   portal  vein;  i*/*,    ventn  advehetit*^;  m,    mt»8euteric  veioa. 
flUikorO 


vehentes  become  the  right  and  left  branches  of  the  portal  vein,  the 
nse.  hepaticfe  revehentes  become  the  hepatic  veins,  wliich  open  just  at 
lie  junction  of  the  ductus  venosus  with  another  hirge  vein  (vena  cava 
nferior),  which  is  now  being  developed.  The  mesenteric  portion  of 
he  omphalo-mesenterie  vein  return ing  hl<^od  from  the  developing  iutes- 
ines  remains  as  the  mesenteric  vein,  which,  by  its  union  with  the  splenic 
fein,  forms  the  portal, 

Thivs  the  fictal  liver  is  supplied  with  venous  blood  from  two  sources, 
hrongh  the  undrilieid  and  portal  vein  respectively.  At  birth  the  circu- 
lation through  the  umbilical  vein  of  course  completely  ceases  and  the 
Tesse!  l»egins  at  oncB  tn  ilwindle,  so  tluit  now  the  only  venous  supply  of 
he  liver  is  through  the  portal  vein,  Tlie  earliest  appearance  of  the 
rieial  system  of  veins  is  the  formation  of  two  short  transverse  veins 
Qucts  of  i'uvier)  opening  into  the  auricle  on  either  side,  which  result 
om  the  union  of  an  anterior  cardinal,  afterward  forming  a  jugular, vein, 
^Meeting  blood  from  the  head  and  neck,  and  a  posterior  cardinal  vein 
Tiieh  returns  the  blood  from  the  Woiftlan  bodies,  tlie  vertebral  column, 
cl  the  parieties  of  tbe  trunk.  This  arrangement  persists  throughout 
fe  in  d^he^,  hut  in  mammals  the  following  transformations  occur. 

As  tlie  kidueys  are  developing  a  new  vein  appeal's  {vena  cava  infe- 
or)»  formed  by  the  junction  of  their  elTerent  veins.  It  receives  branches 
t>m  the  legs  (iliac)  and  increases  rapidly  in  sis!e  as  they  grow  j  further 
*  it  receives  the  hepatif*  veins,  whirh  by  now  have  lost  their  original 
*ening  into  tlie  ductus  veoosiis.     The  heart  gradually  descends  into 
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the  thorax,  causing  the  ducts  of  Cuvier  to  become  oblique  instead  ot 
transverse.     As  the  fore-lin)bs  develop,  the  subclavian  veins  are  formei 
A  transverse  communicating  trunk  now  unites  the  two  ducts  ol 
Cuvier,  and  gradually  increases,  while  the  left  duct  of  Cuvier  becomsa 
almost  entirely  obliterated  (all  its  blood  passing  by  the  communicating 
trunk  to  the  right  side)   (fig.  499,  CD.).     The  right  duct  of  Cuner 
remains  as  the  right  innominate  vein,  while  the  communicating  branch 
forms  the  left  innominate.     The  remnant  of  the  left  duct  of  Ciiner 
generally  remains  as  a  fibrous  band,  running  obliquely  down  to  the  coro- 
nary vein,  which  is  really  the  proximal  part  of  the  left  duct  of  Cuvier. 
In  front  of  the  root  of  the  left  lung,  another  relic  may  be  found  in  the 


A 


FIsr.  499.— DioCTams  illustratinjr  the  dovolopment  of  the  greet  vetna.  d  c,  ducts  of  Cu^^f.-* 
Juffiilar  veins;  h,  h«'i«itic  veins:  <\  cardinal  veins:  «,  subclavian  vein ;  j' t.  Internal  JuifuUr t«b: 
;  «*,  external  ju^ilar  vein ;  <i  z,  azy^os  vi»in ;  c  i,  itiforior  vena  cava;  r,  renal  veins;  ii,  n^  ^"*' 
f^  U^  hyi»ovcastric  veins.     (,(iej;enl»aur.  ) 

form  of  the  so-called  vestUjial  fold  of  Marshall,  which  is  a  fold  of  Peri- 
cardium running  in  the  same  direction. 

In  muny  of  the  lower  niannntils,  such  as  the  rat,  the  left  ducto* 
Cuvieri  remains  as  a  left  superior  cava. 

Meanwhile,  a  transverse  branch  carries  across  most  of  the  blood® 
the  left  pcKsterior  cardinal  vein  into  the  right;  and  by  this  union tli« 
great  azygos  vein  is  formed. 

The  u])per  })ortion8  of  the  left  posterior  cardinal  vein  remains  as  t» 
left  superior  intercostal  and  vena  azygos  minor. 

ClRC^ULATION   OF    BlOOD   IN   THE   FCETUS. 

The  circulation  of  blood  in  the  ftetus  differs  considerably  from  »* 
of  the  adult.     It  will  be  well,  perhaps,  io  begin  its  description  by  tn^ 
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e  cottrae  of  the  blood,  whicb^  after  being  carried  out  to  the  pla- 
by  the  two  iimbiliciil  arteries^  hiis  returned,  cieanBed  and  replen- 
to  the  fcEtus  by  the  umbilical  vein. 

is  at  first  eonveyed  to  the  under  surface  of  the  liver,  and  there  the 
I  is  divided, — a  part  of  the  blood  passing  straight  on  to  the  in- 
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Fig.  5D0,— Diagram  of  tlio  Fc»tat  rircultttlon. 


vena  cava»  through  a  venous  canal  called  the  dncius  venogus^  while 
mainder  passes  into  the  portal  vein,  and  reutrhus  the  inferior  vena 
mly  after  circulating  through  the  liver.  Whether,  however,  by 
rect  route  through  tbe  ductus  venoaiis  or  by  the  roundabout  way 
jh  tbe  liver, — ^all  the  blmxl  which  is  returned  from  tlie  phict^uta  by 
mbilical  vein  reaches  the  inferior  vena  cava  at  last,  and  is  carried 
;o  the  right  auricle  of  the  heart,  into  which  cavity  is  also  pouring 
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the  blood  that  has  circulated  in  the  head  and  neck  and  arms,  andlitt 
been  brought  to  the  auricle  by  the  superior  vena  cava.  It  might  be 
naturally  expected  that  the  two  streams  of  blood  would  be  mingled  in 
the  right  auricle,  but  such  is  not  the  case,  or  only  to  a  slight  eitent 
The  blood  from  the  superior  vena  cava — the  less  pure  fluid  of  the  two- 
passes  almost  exclusively  into  the  right  ventricle,  through  the  auriculo- 
ventricular  opening,  just  as  it  does  in  the  adult;  while  the  blood  of  the 
inferior  vena  cava  is  directed  by  a  fold  of  the  lining  membrane  of  the 
heart,  called  the  Eustachian  valve^  through  the  foramen  ovale  iuto  the 
left  auricle,  whence  it  passes  into  the  left  ventricle,  and  out  of  this  into 
the  aorta,  and  thence  to  all  the  body,  but  chiefly  to  the  head  jmd  uak. 
The  blood  of  the  superior  vena  cava,  which,  as  before  said,  passes  into 
the  right  ventricle,  is  sent  out  thence  in  small  amount  though  the  pul- 
monary artery  to  the  lungs,  and  thence  to  the  left  auricle,  as  in  the 
adult.  The  greater  part,  however,  by  far,  does  not  go  to  the  lungs,  but 
instead,  passes  througli  a  canal,  the  diutus  arteriosus^  leading  from  the 
pulmonary  artery  into  the  aorta  just  below  the  origin  of  the  three  great 
vessels  which  supply  the  upper  parts  of  the  body;  and  there  meeting 
that  part  of  the  blood  of  the  inferior  vena  cava  which  has  not  gone  into 
these  large  vessels,  it  is  distributed  with  it  to  the  trunk  and  lower  parts, 
— a  portion  passing  out  by  way  of  the  two  umbilical  arteries  to  the 
placenta.  From  the  placenta  it  is  returned  by  the  umbilical  vein  to  the 
under  surface  of  the  liver,  from  which  tlie  description  started. 

Changes  after  Birth. — After  birth  the  foramen  ovale  closes,  and  so 
do  the  ductus  arteriosus  and  ductus  venosus,  as  >vell  as  the  umbilical 
vessels;  so  that  the  two  streams  of  blood  which  arrive  at  the  right  auri- 
cle by  the  superior  and  inferior  vena  cava  respectively,  thenceforth 
mingle  in  this  cavity  of  the  heart,  and  passing  into  the  right  ventricle, 
go  by  way  of  the  pulmonary  artery  to  the  lungs,  and  tlirough  these  after 
purification,  to  the  left  auricle  and  ventricle,  to  bo  distributed  over  the 
body. 

The  Nervous  System. 

The  Cranial  and  Spinal  Nerves. — The  cranial  nerves  are  derived  from 
a  continuous  baud,  called  the  neural  band.  They  are  formed  before  the 
neural  canal  is  complete.  The  neural  band  is  made  up  of  two  laniiuff 
going  from  the  dorsal  edges  of  the  neural  groove  to  the  external  epiblast 
It  becomes  separated  from  the  e])iblast,  and  then  forms  a  crest  attached 
to  the  upper  surface  of  the  brain.  The  posterior  roots  of  the  spinal 
nerves  arise  as  outgrowths  of  median  processes  of  cells  from  the  dorsal 
side  of  the  spinal  cord,  which  become  attached  laterally  to  the  spinal 
cord  as  their  original  point  of  attachment  disappears.  The  anterior 
roots  probably  arise  from  the  ventral  part  of  the  cord  as  a  number  of 
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s  for  each  nerve.  They  appear  later  than  the  posterior  roots, 
udiment  of  the  posterior  root  is  differentiated  into  a  proximal 
nerve  connected  to  the  cord,  a  ganglionic  portion  and  a  dietal 
1,  To  the  last  the  anterior  norve-root  becomoB  attached, 
€  Spina!  Cor (L — The  spinal  cord  consistB  at  first  of  the  nodi ffer- 
^  epibhist  of  the  walls  of  the  neural  canal,  the  cavity  of  which  is 
with  almost  parallel  sides.  The  walls  are  at  first  composed  of 
ted  irregular  nuclejited  columnar  cells,  arranged  in  a  radiate 
r.  The  cavity  then  becomes  narrow  in  the  middle  and  of  an 
lass  shape  (fig.  501).     \Flien  the  spinal  nerves  make  their  first 
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fM>til|n'am  of  development  of  sploal  i*ord«     r  c,  central  imaal;  afy  anterior  flsHui^;  p/, 
erior  fUsure ;  q,  gray  matter;  w^  vrhiU^  matt*^r.    For  further  ejeptanaiiony  »te  text. 

ance,  about  the  fourth  day  in  the  chick,  the  epiblastic  walls  be- 
ifferentiated  into  three  jmrts:  {a)  the  epithelium  lining  the  central 
(b)  the  gray  matter;  (r)  tlie  external  white  matter.  The  last  is 
1  from  the  outermost  jutrt  of  the  epibiiLstic  walls  by  the  conversion 
cells  into  longitudinal  nerve- libres.  The  fibres  being  without  any 
.  sheath^  are  for  a  time  gray  in  appearance.  The  white  matter 
>onds  in  position  to  the  auterior  and  posterior  uerve-rootB,  and 
e  anterior  and  posterior  white  columns.  It  is  at  first  a  very  thin 
but  increases  in  thickness  until  it  covers  the  whole  cord.  The 
atter  too  arises  from  the  cells  by  their  being  prolonged  into  fibres, 
lange  in  the  cootnil  cells  is  sufhciently  obvious.  The  anterior  and' 
or  cornua  of  gray  miitter  and  tlie  anterior  gray  commissure  then 
.  The  anterior  fissure  is  formed  on  the  fifth  day  by  the  growth 
ard  of  the  anterior  cornua  of  gray  matter  toward  the  middle 
The  posterior  fissure  is  formed  later.  The  whole  cord  now  bo- 
circnlar.  The  posterior  gray  commissure  is  then  formed, 
ten  it  first  api>ear6,  the  spinal  cord  occupies  the  whole  length  of 
xlullary  can^d,  but  as  development  proceeds,  the  spinal  colump 
more  rapidly  than  the  contained  cord,  so  that  the  latter  appears 
jawn  up  till,  at  birth,  it  is  opposite  the  third  lumbar  vertebra, 
I  the  adult  opposite  the  first  lumbar.  In  the  same  way  the  in- 
g  oblic|uity  of  tlie  spimd  nerves  in  the  neural  canal,  its  wo  approach 
nbar  region,  and  tiio  at  if  da  equina  at  tlic  lower  end  of  the  cord, 
counted  for. 
ain. — We  have  seen  that  the  front  portion  of  the  medullary  canal 
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is  almost  from  the  first  widened  out  and  divided  into  three  veacles. 
From  the  anterior  vesicle  (thalamencephalon)  the  two  primary  optic 
vesicles  are  budded  off  laterally :  their  further  history  will  be  traced  in 
the  next  section.  Somewhat  later,  from  the  same  vesicle  the  rudimenla 
of  the  hemispheres  appear  in  the  form  of  two  outgrowths  at  a  higher 
level,  which  grow  upward  and  backward.  These  form  the  prom- 
cephalon. 

In  the  walls  of  the  posterior  (third)  cerebral  vesicle,  a  thickening 
appears  (rudimentary  cerebellum)  which  becomes  separated  from  the 
rest  of  the  vesicle  by  a  deep  inflection. 

At  this  time  there  are  two  chief  curvatures  of  the  brain  (fig.  502). 
(1.)  A  sharp  bend  of  the  whole  cerebral  mass  downward  round  the  end 


Fip.  S02.— Early  staees  in  development  of  human  brain  (magnifled').  1,  2,  S,  are  from  an 
embryo  about  seven  weeks  old;  4,  alMuit  three  monthjs  old.  w,  middle  cerebral  vesicle  (mesen- 
cephalon); r,  cerebellum;  rn  o,  iiu^lul la  oblongata;  /,  thalamencephalon:  h,  hemispheres;  i'.JB' 
fundibuhmi;  Fik-  3  shows  the  s<5veral  curves  which  occur  in  the  course  of  development;  Fi^- 
4  is  a  lateral  view,  showinj?  the  >?reat  enlar^jement  of  the  ceni»bral  hemispheres  which  ha™ 
covered  in  the  thalami,  leaving?  the  optic  lobes,  m,  uncovered.     cKfilliker.) 

N.  B.— In  Fie.  2  the  line  i  terminates  in  the  right  hemisphere;  it  ought  to  be  continued  into 
the  thalamencepnalon. 


of  the  notochord,  by  which  the  anterior  vesicle,  which  was  the  " 
of  the  three,  is  bent  downward,  and  the  middle  one  comes  to  occupy 
the  highest  position.  (2.)  A  sharp  bend,  with  the  convexity  forward, 
which  runs  in  from  behind  beneath  the  rudimentary  cerebellum  sepa- 
rating it  from  the  medulla. 

Thus,  five  fundamental  parts  of  the  foetal  brain  may  be  distinguished, 
which,  together  with  the  parts  developed  from  them,  may  be  presented 
in  the  following  tabular  view: — 
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Anterior 
Primary 
Wsicle, 
or  Ftire- 
braia. 


Middle 

Primary 

Vesicle. 

or  Mid* 

brain. 

Posterior 

Primary 

Vesicle, 

or  Hind* 

brain. 


First    Seecmilary    Vujiicle 
of  Prosencephalon. 


Second  Secondary  Vesicle 
or  ThaLameocephaloix 
(Dienci^phalon). 


Anterior  end  of  tUird  ventricle, 
foramen  of  Monro,  lateriil  ven- 
trielea,  eerebnU  liemi>iphere8» 
f'or[M»ni  strialu,  coqiusealloeum, 
fornix,  latin al  veutricles,  olfac- 
Uivy  hull*, 

Thalaiiii  optiii,  pineal  ^laud*  part 
of  pituitary  l>txly,  third  ventri- 
cle, optic  nerve  and  retioa,  in- 
fundibulum. 


Third    8<.^condary  Vesicle  |  Corpora  quadriKemina.  crura  cere- 
or    ^I eaence  pha  1  on .         t       br  i ,  lUi  iietluc t  of  Sy  1  v  j  us , 


Fourth  Secondary  Vesicle  1 

or  Epeneephalon,  j 

Fifth    Secondary   Vesicle 

or  Metenceplialou.  I 


Fourth  ven- 
tricle. 


Cerelxdlum, 
nieduHa 
gata. 


pons, 
old  on- 


iQuain.) 


The  cerebral  heinispberes  grow  rapidly  upward  and  backward,  wbile 
«m  tbeir  inferior  surface  the  olfactory  bulbs  are  btidded  off,  and  tbe 
JteDcepbalon,  from  which  they  s[iriii*jf,  reniains  to  form  tbc  third  veii- 
de  arifl  optic  tlialami.  Tliti  middle  cerebral  vesicle  (mesenceiihalon) 
'  some  time  is  tbe  most  prominent  part  of  tbe  fcetal  brain,  and  in 
leg,  amphibia,  and  reptiles,  it  remains  uncovered  throiigb  life  as  tbe 
tic  lobes.  But  in  birds  tbe  jLj;TOWth  of  the  cerebral  hemispberes  tbrnsta 
5  optic  lobes  down  laterally,  and  in  mammalia  completely  overlaps 

In  tbe  lower  mammalia  the  backward  growth  of  the  hem i spheres 
fcses  as  it  were,  but  in  tbe  higher  groups,  such  jts  the  monkeys  and 
m,  they  grow  still  further  hack,  until  they  completely  cover  in  the 


Fiz.  50a.--6ide  view  of  ftptal  hrain  at  six  Dioriths,  BhnwinK  com  mPD  cement  of  form  at  ion  of 
»pniiell>ftl  Biiaures  and  e«invnliit]on».  F\  tnmiM  U>be;  /*,  parietal:  O,  oceipilal;  T,  temporal; 
I n,  commeaclnf;  fmutal  cimvolutif^ns;  «,  Sylvian  flKsiire;  «',  its  antt-rior  division;  c,  within 
tile  central  lobe  or  Island   of  Heil;    r,  fissure   of  Rolando;  p,  perpendicular  fiimire,     C¥L 

febellum,  so  that  on  looking  down  on  tbe  brain  from  above,  the  cere- 
Hum  is  quite  concealed  from  view.  The  surface  of  tbe  bemispberea 
at  first  quite  smooth,  but  as  early  as  the  third  month  the  great  Sylvian 
*Ur©  begins  to  be  formed  (fig.  503) » 
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The  next  to  appear  is  the  parieto-occipital  or  perpendicular  fissure; 
these  two  great  fissures,  unlike  the  rest  of  the  sulci,  are  formed  by  acan- 
ing  round  of  the  whole  cerebral  mass. 

In  the  sixth  month  the  fissure  of  Rolando  appears:  from  this  time 
till  the  end  of  foetal  life  the  brain  grows  rapidly  in  size,  and  the  convo- 
lutions appear  in  quick  succession;  first  the  great  primary  ones  are 
sketched  out,  then  the  secondary,  and  lastly  the  tertiary  ones  in  the 
sides  of  the  fissures.  The  commissures  of  the  brain  (anterior,  middle, 
and  posterior),  and  the  corpus  callosum,  are  developed  by  the  growth  of 
fibres  across  the  middle  line. 

The  Hippocampus  major  is  formed  by  the  folding  in  of  the  gray 
matter  from  the  exterior  into  the  lateral  ventricles.  The  essential  points 
in  the  structure  and  arrangement  of  the  various  parts  of  the  brain,  are 
diagrammatically  shown  in  the  two  accompanying  figures  (figs.  502,  503). 

The  Special  Sense  Organs. 

The  Eye. — Soon  after  the  first  three  cerebral  vesicles  have  become 
distinct  from  each  other,  the  anterior  one  sends  out  a  lateral  vesicle  from 
each  side  (primary  optic  vesicle),  which  grows  out  toward  the  free  sur- 
face, its  cavity  of  course  communicating  with  that  of  the  cerebral  vesicle 
through  the  canal  in  its  pedicle.     It  is  soon  met  and  invaginated  by  an 


Fiff.  604.— Lonj^itudinal  Hoction  of  the  primary  optic  vesicle  in  the  chick  mngnifled  (from 
Remak).— A,  from  an  embryo  of  sixty-flvo  hourn;  B,  a  few  hours  later;  C,  of  the  fourth  d»y;  c, 
the  corneous  layer  or  epidermis,  pn»sentinj?  in  A  tiie  opt»n  depression  for  the  lens,  whidh  is 
closed  in  B  and  C:  /,  the  lens  follicle  and  lens;  wr,  the  primary  optic  vesicle;  in  A  and  B,  thu 
pedicle  is  shown;  in  O,  the  section  beinj?  to  the  side  of  the  pedicle,  the  latter  is  not  shown;  c, 
the  secondary  ocular  vesicle  and  vitreous  humor. 

ingrowing  process  from  the  opiblast  (fig.  504),  very  much  as  the  grow- 
ing tooth  is  met  by  the  process  of  epithelium  which  produces  the  enamel 
organ.  This  process  of  the  epiblast  is  at  first  a  depression,  which  ulti- 
mately becomes  closed  in  at  the  edges  so  as  to  produce  a  hollow  ball, 
which  is  thus  completely  severed  from  the  epithelium  with  which  it  was 
originally  continuous.  From  this  hollow  ball  the  crystalline  lens  is 
developed.  The  way  in  which  this  occurs  has  been  indicated  in  a  pre- 
vious chapter  under  the  head  of  structure  of  the  lens.  By  the  ingrowth 
of  the  lens  the  anterior  wall  of  the  primary  optic  vesicle  is  forced  back 
nearly  into  contact  with  the  posterior,  and  thus  the  primary  optic  vesi- 
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io  ig  almost  obliterate«L  The  cells  iti  the  anterior  wall  are  much  longer 
kran  those  of  the  posterior  wall ;  from  the  former  the  retina  proper  m 
developed,  from  the  latter  the  retinal  pigment. 

The  cup-shaped  hollow  in  which  the  lens  is  bow  lodged  is  termed 
f^^e  secondary  optic  vesicle:  its  walls  grow  up  all  round,  leaving,  how- 
ever, a  slit  at  the  lower  part. 

Choroidal  i^'^*?; re.— Through  this  slit  (tig.  50ti),  often  termed  the 
tihroidal  Jiiimire^   a  process  of  mesoblast  containing  numerous  blood- 


Ftg,  506, 


Fij?.  506. 


Fisr.  505,  — PiaKrummatic  sketch  of  n  vi^rtical  longitudinal  eectioti  throtjgh  the  py«biiiU  of  a 
tuman  ffetu»  nt  four  WLtikst.  Tlieaoction  is  n  little  to  tlio  Kldf%  no  as  to  avf^id  piiHsiuf^  throuirh 
_b^  cjciiIat  rif'ft ;  c,  the  L^UiLii'l*^  wliere  it  t>wL'(>rjn»s  later  Mit?  c»meAJ  epithelium;  L  th»>  IfGH;  op, 
optic  oervf  formed  by  the  |H'<ij(:le  €if  t-h<_*  urimury  optfc  vt»s,lclo;  17*,  j>riniAJ*y  tiiefliiilary  paviLy  or 
IppUc  visalcle;  ji,  fclie  iiiKiuent  layer  of  tbe  n^ina;  r,  the  inni^r  wull  f^iniiiDg  the  retina  nroper; 
pi^  aeoofldvy  MVtlc  vesicle  eontnlain^  tht*  nidiuieiit  <if  the  vitreous  humop,  >;  TOO.  (Kmlikcr.) 
I  Ff^.  a06.— Transvers*^  vertieal  tu-ctioti  uf  the  eyf^lmll  nf  a  bunuin  embryo  of  four  we**kpi.  The 
■nterlor  half  of  the  fsectioii  in  repre*ieii(:e<U  pi\  the  rernnios  of  the  cavity  of  the  priiiiary  optic 
^r«;«iele;  p,  the  inner  vmrt  of  the  out*»r  layt>r  foriiiin^;:  the  retinal  pij^meat;  r,  the  thickentni  inner 
gpart.  plvfn^  risw*  u*  the  columnar  ami  other  litruetures  of  tliei  retina;  t\  the  coiJiiie'tjeitit!:  vitreoiia 
ViiTijor  uifhi!i  III'    ;r.)*tniary  optic  vesicle;  v\  the  ix-'ular  eleft   throuK^  whii*h   tin"  Ifiop  of   the 

i:»-ntrii    I'l 1.1,    ti,  prujecta   from   below;    i,   the    lena  with  a   ceutral    cavity.      x    100. 

^KoliJk'  r  ► 
I 

teasels  projects,  and  occupies  the  cavity  of  the  secondary  optic  vesicle 
liehind  the  lena,  lilling  it  with  vitreous  humor  and  furnishing  the  lens 
capsule  and  the  capsulo-pupillary  membraue.  This  process  in  mammals 
J)roject8,  not  only  into  the  aecoudary  up  tic  vesicle,  hut  also  into  the 
^ledicle  of  the  primary  optic  vesicle  iuvaginating  it  for  some  distance 
pirom  beneath,  and  thus  carrying  up  the  urteria  centralis  retitim  into  its 
(jjermanent  position  in  the  ceutrc  of  the  optic  nerve. 

This  invagination  of  the  optic  nerve  does  not  occur  in  birds^  and 
consequently  no  arteria  centralis  retime  exists  in  them.  But  they  pos- 
ses an  important  permanent  relic  of  the  original  protrusion  of  the  meso- 
lilast  through  the  choroidal  fissure,  in  the  pecie?i^  while  a  remnant  of 
"the  same  fiasure  sometimes  occurs  in  man  under  the  name  oolohoma  iri- 
[diifl.  The  cavity  of  the  primary  optic  vesicle  becomes  completely  ohliter- 
b^tedy  and  the  rods  and  cones  growing  up  from  the  external  limiting 
znembrane,  get  into  apposition  with  the  pigment  layer  of  the  retina. 
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The  inner  segments  of  the  rods  become  the  first  formed,  then  the  outer. 
The  cavity  of  its  pedicle  disappears  and  the  solid  optic  nerve  isformecL 
Meanwhile  the  cavity  which  existed  in  the  centre  of  the  primitiye  lens 
becomes  filled  up  by  the  growth  of  fibres  from  its  posterior  wall    The 
epithelium  of  the  cornea  is  developed  from  the  epi blast,  while  the  cor- 
neal tissue  proper  is  derived  from  the  mesoblast  which  intervenes  between 
the  epi  blast  and  the  primitive  lens  which  was  originally  continuous 
with  it.     The  sclerotic  coat  is  developed  round   the  eyeball  from  the 
general  mesoblast  in  which  it  is  embedded.     The  choroid  is  developed 
from  the  mesoblast  on  the  outside  of  the  optic  cup  and  the  iris  by  the 
growing  forward  of  the  anterior  edge  of  the  optic  cup,  both  layers  of 
which  becoming  pigmented  remain  as  the  uvea.     Externally  the  cho- 
roidal mesoblast  grows  inward  to  form  the  main  structure.     The  ciliary 
processes  arise  from  the  hypertrophy  of  the  edge  of  the  optic  cup  which 
forms  folds  into  which  the  choroidal  mesoblast  grows,  and  in  which 
blood-vessels  and  pigment-cells  develop. 

The  iris  is  formed  rather  late,  as  a  circular  septum  projecting  in- 
ward, from  the  fore  part  of  the  choroid,  between  the  lens  and  the 
cornea.  In  the  eye  of  the  foitus  of  mammalia,  the  pupil  is  closed  by  a 
delicate  membrane,  the  viembrana  ptipillaris^  which  forms  the  front  por- 
tion of  a  highly  vascuhxr  membrane  that,  in  the  footus,  surrounds  the 


Figr.  507.— Blood-vessels  of  tho  capsulo-pupillary  membrane  of  a  new-born  kitten,  magnified 
The  drawing  is  taken  from  a  preparation  injected  by  Tiensch,  and  shows  in  the  central  part  the 
convergence  of  tho  network  of  vessels  in  the  pupillary  membrane.     (KGlliker.) 

lens,  and  is  named  the  membrana  capsulo-piipillnris  (fig.  507).  It  is 
supplied  with  blood  by  a  branch  of  the  arteria  centralis  retincB^  which, 
piissing  forward  to  the  back  of  the  lens,  there  subdivides.  The  mem- 
brana capsulo-pupillaris  withers  and  disappears  in  the  human  subjects 
short  time  before  birth. 

The  eyelids  of  the  human  subject  and  mammiferous  animals,  like 
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tliose  of  birds,  are  first  develofjcd  m  tlie  form  nf  a  ring.  Tlicy  then  ex- 
t^ud  over  the  globe  of  tb€^  eye  until  tlie*y  tnet^t  imd  become  firmly 
agglutinated  to  each  other.  But  before  birtli,  or  in  the  carnivora  after 
birtli,  tbej  again  separate. 

The  Ear— Very  early  in  the  development  of  tbe  cniliryo  a  depres- 
sion or  ingrowth  of  the  epibhist  oceura  on  em-b  side  of  the  hea<i  which 
deepens  and  soon  becomes  a  closed  follicle.  This  primarf/  optic  vesich^ 
which  closely  corresponds  in  its  formation  to  the  lens  follicle  in  the  eye, 
ainka  down  to  pome  distance  from  the  free  surface;  from  it  are  developed 
the  epitbelisil  lining  of  the  inemhrarimiH  labyrinth  of  the  internal  ear, 
consisting  of  the  vi'stibnlc  and  its  semicircular  canals  and  tbe  scala  media 
of  the  cocldca.  The  surrounding  mesoblast  gives  rise  to  the  various 
fibrous  lx>tiy  and  cartilaginous  parts  which  complete  and  inclose  this 
menibruntms  hdiyririth,  the  bony  j^cnii circular  canals,  the  walls  of  the 
cochlea  with  itn  scida  vcstibuli  and  scala  tympani.  In  the  mesoblasfc 
between  the  primary  optic  vesicle  and  the  brain,  the  auditory  nerve  is 
gradually  dilTercntiatcd  ami  forms  its  central  and  peripheral  attachments 
to  tlifc  hrain  and  internal  ear  rcs[iectively.  According  to  some  antbori- 
ties,  however,  it  is  said  to  take  its  origin  from  and  grow  out  of  the  hind 
brain. 

The  Eustachian  tube,  the  cavity  (»f  the  tympanum,  and  the  external 
auditory  pjissage,  are  remains  of  tlie  first  branchial  cleft.  The  mem- 
brana  tympani  divides  the  cavity  of  this  cleft  into  an  internal  space, 
the  tympanum,  and  the  oxtcnnd  meatus.  The  nnuious  membrane  of 
the  mouth,  which  is  prolonged  in  the  form  of  a  diverticulum  through 
the  Eustachian  tube  into  the  tympatHan,  sind  the  external  cutaneous 
system  come  into  relation  with  each  other  nt  this  ])oint;  the  two  mem- 
branes being  separated  only  by  the  jiroper  mrmhrane  of  the  tympanum. 

The  pinna  or  external  car  is  devclopcil  from  ii  process  of  integument 
in  the  ncighborliootl  of  the  first  and  second  visceral  arches,  and  probably 
corresponds  to  the  gill*cover  (operculum)  in  fishes. 

The  Nose.— The  nose  originates  like  the  eye  and  enr  in  a  depression 
of  the  superficial  epiWast  at  each  side  of  tlie  fronto-nusal  process  (pri- 
mary olfactory  groove),  which  is  at  first  completely  separated  from  the 
cavity  of  the  mouth,  and  gradually  extends  backward  and  downward  till 
it  opens  into  tbe  month. 

The  outer  angles  of  the  fronto-nasal  process,  uniting  with  the  max- 
illary process  on  each  side,  convert  what  was  at  first  a  groove  into  a 
closed  canal. 

Tii:e  Alimentary  Canal. 

The  alimentary  canal  in  the  earliest  stages  of  its  development  con- 
sists of  three  distinct  parts — the  fore  and  hind  gut  ending  blindly  at 
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each  end  of  the  body,  and  a  middle  segment  which  commnnicates  freely 
on  its  ventral  surface  with  the  cavity  of  the  yolk-sac  through  the  vitel- 
line or  omphalo^mesenteric  duct. 

From  the  fore-gut  are  formed  the  pharynx,  oesophagus,  and  stomach; 
from  the  hind-gut,  the  lower  end  of  the  colon  and  the  rectum.  The 
mouth  is  developed  by  an  involution  of  the  epiblast  between  the  maxil- 
lary and  mandibular  processes,  which  becomes  deeper  and  deeper  till  it 
reaches  the  blind  end  of  the  fore-gut,  and  at  length  communicates  freely 
with  the  pharynx  by  the  absorption  of  the  partition  between  the  two. 

At  the  other  end  of  the  alimentary  canal  the  anus  is  formed  in  a  pre- 
cisely similar  way  by  an  involution  from  the  free  surface,  which  at  length 

D 


Fisr.  50R.— Outlines  of  the  form  and  position  of  the  alimentary  canal  in  successive  sup^of 
it«  development.  A,  alimentary  canal,  etc..  in  an  embryo  of  four  weeks;  B,  at  six  weeks;  C&t 
eif?ht  weeks;  D,  at  ten  wtvks;  /',  the  jirimitive  lunj^s  connected  with  the  pharynx;  s,  thestoniacb; 
rf.  duodenum;  t,  the  small  inU>stiiie:  i',  the  larpe;  c,  th(»cffHMmi  and  vepmifomi  appendaire:  rj^ 
rectum;  c/,  in  A,  the  cloaca;   n.  in  B,  the  anus  distinct  from  s  t,  the  sinus  uro-(renitalis:  r.  the 

f'olk-sac;  vi,  the  vitellointestinal  duct;  «,  the  urinary  bladder  and  urachus  leadinj?  to  the  al- 
antois;  g,  genital  ducts.     (Allen  Thomson.) 

opens  into  the  hiiul-gut.  When  the  depression  from  the  free  surface 
does  not  reach  the  intestine,  the  condition  known  as  imperforate  anus 
results.  A  similar  condition  may  exist  at  the  other  end  of  the  alimen- 
tary canal  from  the  failure  of  the  involution  which  forms  the  mouth,  to 
meet  the  fore-gnt.  The  middle  portion  of  the  digestive  canal  becomes 
more  more  and  closed  in  till  its  originally  wide  communication  with  the 
yolk-sac  becomes  narrowed  down  to  a  small  duet  (vitelline).  This  duct 
usually  completely  disappears  in  the  adult,  but  occasionally  the  proximal 
portion  remains  as  a  diverticnlnm  from  the  intestine.  Sometimes  a 
fibrous  cord  attaching  some  part  of  the  intestine  to  the  umbilicus,  re- 
mains to  represent  the  vitelline  duct.  Such  a  cord  has  been  knomi  to 
cause  in  after-life  strangulation  of  the  bowel  and  death. 
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The  alimentary  canal  lies  in  the  form  of  a  straight  tube  close  beneath 
the  vertebral  column,  bot  it  gradually  becomes  divided  into  its  special 
part€,  stomachy  amall  intestine,  and  large  intestine  {tig.  508),  and  at 
the  same  time  comes  to  be  suspended  in  the  abdominal  cavity  by  means 
of  a  lengthening  mesentery  formed  from  the  aplanchnopleure  which  at- 
taches it  to  the  vertebral  (?o!itmn.  The  stomach  originally  has  the  same 
direction  as  the  rest  of  the  canal;  its  cardiac  extremity  being  superior, 
its  pylorus  inferior.  The  changes  of  position  which  the  alimentary  canal 
undergoes  may  be  readily  gathered  from  the  accompanying  figures  (fig, 
508). 

Pancreas  and  Salivary  Glands* — The  principal  glands  in  connec- 
tion with  the  intestinal  canal  are  the  salivary,  pttncreas,  and  the  liver. 
In  mammalia^  each  salivary  gland  first  appears  as  a  simple  canal  with  bnd- 


Fig.  50a^Lobule»  of  tho  parol  id,  with  Um  ^allvtity  dijet»,  tn  tlic  embryo  of  the  Bheep,  at  a  more 

ttdvaiietH.1  stajft\ 

like  prooesses  (fig,  .'509),  lying  in  a  gelatinous  nidus  or  blastema,  and 
communicating  with  the  cavity  of  the  mouth.  As  the  development  of 
the  gland  advances,  the  canal  becomes  more  and  more  ramified,  increas- 
ing at  the  expense  of  the  blastema  in  which  it  is  still  inclosed.  The 
branches  or  stdivary  ducts  constitute  an  independent  system  of  closed 
tubes  (fig,  509),  The  pancreas  is  developed  exactly  as  the  salivary 
glands,  but  is  developed  from  the  hypobhiflt  lining  the  intestine,  while 
the  salivary  glands  are  formerl  from  the  epi blast  lining  the  mouth. 

The  Liven— The  hver  is  developed  by  the  protmsion,  as  it  were, 
of  a  part  of  the  walls  of  the  fore-gtit»  in  the  form  of  two  conical  hollow 
branchea,  which  embrace  the  common  venous  stem  (figs.  510,  611),     The 
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outer  part  of  these  cones  involvea  the  omphalo-mesenteric  vein,  whicli 
breaks  up  in  its  interior  into  a  plexus  of  etipillaries,  ending  in  Tenoui 
trunks  for  the  conveyance  of  the  blood  to  the  heart.  The  inner  portion 
of  the  cones  consists  of  a  number  of  solid  cylindrical  masses  of  ceUs, 


St 
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Wr,  SlO.-^DiBffram  of  part  of  di^:*- 1 1  i  •  -f  a  *Hiit'k  (Ath  dajO.  The  black  line  repftrnM 
Itjrpomajit,  the  outt»r  iibftdtii(f  meaoblii*it ;  ^y,  luu*?  iMvfrtk'uluin  with  expaod^d  ettd  fonniiiEprl' 
DMjrv  lun(?'Vt^it'l**;  St,  stomat^h;  L  twu  hepitle  dhMitieula,  with  tlipjr  t4?^niiinattoiHi  imilial  bf 
fcoltd  rowB  of  hypoblast  ceUs;  jj,  dlTerUculum  of  the  iiaocreaa  with  the  vesicular  divcrtiau* 
oomiufc  from  It    (Gotto.) 

derived  probably  from  the  hypoblast,  which  become  gradnaUj  hollowed 
by  the  formation  of  the  hepatic  duct^,  uiul  among  which  blood-veasek 
are  rapidly  developed.  The  gland  cells  of  the  organ  are  derived  from 
the  hypoblast,  the  connective  tissue  and  vessels  without  doubt  from  the 


Fi^.  Ml.— Kiiflinmnts  of  th^  liver  on  the  Intestine  of  ft  clilck  at  the  fifth  dftf  of  incutiiwo 
1,  lieurt;  2,  Int4-«liii*';  H,  tlivertieuliin;  of  the  itiU^Int^  in  which  the  liver  (4)  isiitiT«lo(Ml;  8y  P*** 
uf  th<^^  mucoutt  liiyf^r  of  thi*  ^rmiiml  qumh brace.     (Mfllk*p.> 


mesoblast.  The  gall-bladder  is  developed  as  a  diverticulum  from  the 
hepatic  duct.  The  spleen,  lymphatic,  and  thymus  glands  are  developed 
from  the  mesoblast :  the  thyroid  partly  also  from  the  h)T)oblflfit,  whicB 
grows  into  it  as  a  diverticulum  from  the  fore-gut. 
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The  Respiratory  Apparatus. 

The  Lun^s,  at  their  first  development,  appear  as  etnall  tubercles  or 
divertietila  frora  the  abdominal  surface  of  the  a'sophagus. 

The  two  diverticula  at  first  open  directly  into  the  cesophague,  but  as 
they  grow,  a  separate  tube  (the  future  trachea)  is  formed  at  their  point 
of  fnsjon,  opening  into  the  tPSophagii8  on  its  anterior  surface.  These 
primary  diverticula  of  the  hypoblast  of  the  alimentary  canal  send  of! 
aecondary  branches  into  the  eurroiiuding  mesoblast,  and  these  again 
give  olT  tertiary  branches,  forming  tlic  air-cells.  Thus  we  have  the 
hings  formed:  the  epithelium  lining  tfieir  air-eelLs,  bronchi,  and  trachea 
being  derived  from  the  hypoblast.^  and  all  the  rest  of  the  lung-tissue, 


r 


Fij?  515  illii8tratP3ith*»  dprHoiwn<»nt  of  th?  reapirntnrr  nrjriius.  a.  Is  thf?  QMpiMpof  a  chick 
cm  tin*  fourth  tlay  ttt  ituulMittuii,  with  tht^  ruiUniewt*  i>f  tlie  travlif^n  on  the  litltf  llcUib  left  vUW, 
rievretl  lifcter&Uy ;  1,  tht^  inf*"rii»p  wall  of  th*?  np^iha^H;  a,  th«  iipp«^r  iMjriltmm  dl«  iatuiei  tube; 
il,  tJie  nidimetitary  luiifc;  4,  the  stonmi-li;  b^  in  the  8ame  obj<H?t  w^tj  from  below,  »?>  that  both 
lltCiS*  aw  nnJble,  e,  shows  thr-  tongue  and  r»^jiimt4>ry  oixan^  i^f  the  embryo  of  a  horst*;  1,  the 
loiigiie;  %  the  larymx;  3,  tht*  traehra ;  4,  the  luiii^  vit-w*^!  from  the  upper  Rlth».     (After  Rath ke  > 

nerres,  lymphatics,  and  blood-vessels,  cartilaginous  rings,  and  muscular 
fibres  of  the  bronchi  from  the  mesobhist.  The  diaphragm  is  early  de- 
veloped. 

The  Genito-Urinary  Apparatcs. 

The  Wolffian  bodies  aro  organs  pecnliar  to  the  embryonic  state, 
and  may  be  regarded  as  temporary,  rather  than  rudiniontal,  kidneys; 
for  although  they  seem  to  discharge  the  functions  of  these  latter  organs, 
they  are  not  developed  into  them. 

The  Wolffian  duct  makes  its  appearance  at  an  early  stage  in  the  his- 
tory of  the  embryo,  as  a  cord  running  longitmlinally  on  each  side  in 
the  mass  of  mesoblast,  which  lies  just  externally  to  the  intermetliate  cell- 
mass  (ww^,  fig.  513).  This  cord,  at  first  solid,  liecomes  gradually  hal- 
lowed out  to  form  a  tube  (Wolffian)  which  sinks  down  till  it  projects 
beneath  the  lining  membrane  into  the  pleuro- peritoneal  cavity. 

The  primitive  tube  thus  formed  sends  of!  secondary  diverticula  at 

frefjuent  intervals  which  grow  into  the  surrounding  mesoblast:  tufts  of 

Tessek  grow  into  the  blind  ends  of  these  tubes,  invaginating  them  and 

producing  Malpighian  bodies  very  similar  in  appearance  to  those  of  the 
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permanent  kidney,  which  constitnte  the  substance  of  the  Wolffian  bod?, 
Meanwhile  another  portion  of  mesoblaat  between  the  Wolffian  body  and 
the  meeentery  projects  in  the  form  of  a  ridge,  covered  on  its  free  mxtm 


Whg,  63  3,  — Tratisvene  section  of  emhiyo  cb tck  rt h  t rd  dftT'i .    mr,  nidf  tnetitaiy  wpitml  oord;  tki  I 
pcwiHTe  central  coqaI  luu  become  cooBtricted  in  ehe  mirldle:  e^  notocbord:  wJI,  wimordiill 
^CTtelaml    m&m;  m,  miucLe-pUt« ;    dr\  df,   bj'poblut  and  Tlsoeiml   l^jrer  or  metobbit  liaiaf 
mo^w,  which  iti  uot  yet  closed  iti  to  tomi  the  Intestliies;  a  o,  one  of  tbe  prlmftlve  eorts;  ««. 
WoUnu  bodT \  ung^  Wotfltoo  duct ;  v r,  veDa  cardinally;  ^  ebtbli^  A p,  mnaiMogiknn  ud it* 
reflecUoQ  to  lorm  a/,  amotottc  fold;  p,  pleuro-pe'iitonesol  cavity.    (KtfllikerO 

with  epithelium  termed  (/erm  epithelium.     From  this  projection  is  de- 
veloped the  reproductive  gland  (ovary  or  testis  as  the  case  may  be). 

Simultaneously,  on  the  outer  wall  of  the  W' olflian  body,  between  it 
and  the  body-wall  on  each  side,  an  involution  is  formed  from  thepleuro- 
peritoneal  cavity  in  the  form  of  a  longitudinal  furrow,  whose  edges  soon 
close  over  to  form  a  duct  (Muller's  duet). 

All  the  above  points  are  shown  in  the  accompanying  figures,  513,514. 

The  Wolffian  bodies,  or  temporary  kidneys,  as  they  may  be  termed, 
give  place  at  an  early  period  in  the  human  fa?tii8  to  their  successors,  the 
permanent  kidneys,  w^iich  are  developed  behind  them.  Tliey  dimiaUli 
rapidly  in  size,  and  hy  the  end  of  tlie  tliird  mouth  have  almost  entirely 
diBappeared,  In  connection,  how^ever,  with  their  upper  part,  in  the 
male,  there  are  developed  from  a  new  mass  of  blastema,  the  rasa  t§^ 
reniia^  ami  rasculom\  tind  globtta  major  of  the  epididymis;  and  thus  is 
brought  about  a  direct  connection  between  the  secreting  part  of  the 
testicle  and  its  dnct  The  Wolffian  ^?/f7^ir  persist  in  the  male,  and  are 
developed  to  form  the  body  and  globus  minor  of  the  epididymis,  tbe^ 
deferens,  aod  ejaculatory  duct  on  each  side,  the  vesiculses  geminalesfon 
ing  diverticula  from  their  lower  part.  In  the  female  a  small  relic c 
the  Wolffian  body  persists  as  thi^  parornrimn;  in  the  male  a  similar  i 
is  termed  the  orgafi  of  CHraldh.  The  lower  end  of  the  Wolffian  dud 
remains  in  the  female  as  tlie  duct  of  Gasrttufr  which  descends  tow* 
aod  is  lost  upon,  the  anterior  wall  of  the  vagina. 
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Prom  the  lower  end  of  the  Wolffian  duct  a  diverticulum  grows  buck 
^ong  the  body  of  the  embryo  toward  its  anterior  extremity,  aiul  ulti- 
liautely  forms  tlie  ureter.  Socoudiiry  divertieuiu  are  given  off  from  it 
tod  grow  into  the  surrounding  blastema  of  blood-vessels  and  cells. 
I  Malpighian  bodies  are  formed  just  as  in  the  AVolffiun  body,  by  the 
lliTagination  of  the  blind  luiolibcd  end  of  tliese  diverticula  by  a  tuft  of 
pessela.  This  process  is  precisely  similar  to  the  invagination  of  the  pri- 
mary optic  vesicle  by  the  rodinientary  leus.  Thus  the  kidney  is  devel- 
©Jjed,  consisting  at  first  of  a  number  of  separate  lobules;  this  condition 
p^maining  throughout  life  in  many  of  the  lower  aninutls,  e.g,^  seals  and 
!>haleg,  and  traces  of  this  lobulation  being  visible  in  the  human  foetus  at 
fcirth.     In  the  adult  all  the  lobules  arc  fused  into  a  compact  solid  organ, 


Fl(?.  f^H— Section  of  Intenrifdiak*  r^'U-ujass  on  i\w  fourth  day.    m,  meaQoterf ;  JL,  somato- 
jWeiint^  ff,  tff'rinJiml  rtiithfUtiin.  from  vihirh  ^.  the  duet  of  MtlUcr.  bet'ooies  tovoli^ecl:  a,  thiek- 
l  pATi  i>f  K4^<rminut  f-|rItl]iHiiiiii  in   wlUdi  the  )iriLtiitive  ova  f)  iwd  (»«  ore  tjinff:  £«  modilleil 
omaift,  which   wiU  frinn   Oif  wtrorna  ttf  theoVftjry^   WK,  Wolfllan  Ixjily;  jr,  Wol (Ran  duet;  x 
CWaldeyi*!,  > 


The  Bupra-renal  capsules  originate  in  a  muss  of  mesoijlaet  just  above 
ilie  kidneys;  soon  after  their  first  ap]iciiraiice  they  are  \'iiry  much  larger 
fhm\  the  kidneys  (see  lig,  510),  but  by  the  more  rapid  growtli  of  the 
itter  this  relation  is  8i>on  reversed. 
The  first  appearance  of  the  generative  gland  has  been  already  de- 
loribed:  for  some  time  it  is  impossible  to  determine  whether  an  ovary 
^i  testis  will  be  develo])cd  from  it;  <rradually  however  the  special  char- 
ters belongiug  to  one  of  them  appear,  and   in  either  case  the  organ 
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soon  begins  to  assume  a  relatively  lower  position  in  the  body;  the  OTwies 
being  ultimately  placed  in  the  pelvis;  while  toward  the  endof  f(etd 
existence  the  testicles  descend  into  the  scrotum,  the  testicle  entering 
the  internal  inguinal  ring  in  the  seventh  month  of  foetal  life,  and  com- 
pleting its  descent  through  the  inguinal  canal  and  external  ring  into 
the  scrotum  by  the  end  of  the  eighth  month.  A  pouch  of  peritoneum, 
the  processus  vaginalisy  precedes  it  in  its  descent,  and  ultimately  foniB 


Fie.  515.— Diaffram  showinjr  the  relations  of  the  female  (the  left-hand  fieure  «)  and  of  the 
male  (the  rijfht-liand  rt^nire  i  )  renroiluotive  oreans  txj  the  ^neral  plan  (the  middle  flgui«» 
these  organs  in  the  hi^^her  vertebrata  (includinj?  man).  C /,  cloaca:  i?,  rectum:  BU  o'*'*? 
bladder;  U,  ureter;  A',  kidney;  U  A.  urethra;  (?,  genital  gland,  ovary,  or  testis;  IT,  WouBm 
body;  W d.  Wolffian  duct;  Af,  MUUerian  duct;  Pat,  prostate  gland;  Cp,  C5owper*8  gland;  Cip, 
corpus  spongiosum ;  C  c,  corpus  cavemosum. 

In  the  female.  — V,  vagina;  U  t,  uterus;  Fp,  Fallopian  tube;  O  f,  C^aertner's  duct;  Pt,^ 
ovarium;  A,  anus;  C  c.  Cap,  clitoris. 

in  the  male.—Cap,  C  c,  penis;  IT  t,  uterus  masculinis;  V a,  vesicula  seminalis;  rd,«> 
deferens.     (Huxley.) 


the  tunica  vaginalis  or  serous  covering  of  the  organ;  the  communio- 
tion  between  the  tunica  vaginalis  and  the  cavity  of  the  peritoneum  being 
closed  only  a  short  time  before  birth.  In  its  descent,  the  testicle  or 
ovary  of  course  retains  the  blood-vessels,  nerves,  and  lymphatics,  which 
were  supplied  to  it  while  in  the  lumbar  region,  and  which  are  compelled 
to  accompany  it,  so  to  speak,  as  it  assumes  a  lower  position  in  the  body. 
Hence  the  explanation  of  the  otherwise  strange  fact  of  the  origin  of  these 
parts  at  so  considerable  a  distance  from  the  organ  to  which  they  are  di«- 
tributed. 

Descent  of  the  Testicles  into  the  Scrotum, — The  means  by  which  the 
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descent  of  the  testicles  into  the  scrotum  is  effected  are  not  fully  and 
exactly  known.  It  wiis  formerly  believed  that  a  membraneoua  and  partly 
muscular  cord,  called  the  gul/ernacuium  iestu^  which  extends  while  the 
testicle  is  yet  high  in  the  abdomen,  from  its  lower  part,  through  the 
abdominal  wall  (in  the  Bituation  of  the  inguinal  canal)  to  the  front  of 
the  pubes  and  iower  part  of  the  scrotum,  was  the  agent  by  the  contraction 
of  which  the  descent  waa  effected.  It  is  now  generally  thought,  how- 
ever, that  such  is  not  the  case,  and  that  the  descent  of  the  testicle  and 
ovary  ia  rather  the  result  of  a  general  process  of  development  in  these 
and  neighboring  parts,  the  tendency  of  which  is  to  produce  this  change 
in  the  relative  position  of  these  organs.  In  other  words,  the  descent  ia 
not  the  result  of  a  mere  mechanical  action,  by  which  the  organ  is  dragged 
down  to  a  lower  position,  but  rather  one  change  out  of  many  which 
attend  the  gradual  development  and  re-arrangement  of  these  organs. 
It  may  be  repeated,  however,  that  the  details  of  the  process  by  which 
the  descent  of  the  testicle  into  the  scrotum  is  affected  are  not  accurately 
known. 

The  homologue,  in  the  female,  of  the  gubernaculum  testis  is  a 
structure  called  the  round  lujament  of  ihe  uicriL%  which  extends  through 
the  inguinal  canal,  from  the  outer  and  upper  part  of  the  uterus  to  the 
Bubcutaneous  tissue  in  front  of  the  sym[>hysis  pubis. 

At  a  very  early  stage  of  fa?tal  life,  the  Woltlian  ducts,  ureters,  and 
Miillerian  ducts,  open  into  a  receptacle  formed  by  the  lower  end  of  the 
allantois,  or  rudimentary  bladder;  and  as  this  communicates  with  the 
lower  extremity  of  the  intestine,  there  is  for  the  time,  a  common  recep- 
tacle or  cloaca  for  all  these  parts,  which  opens  to  the  exterior  of  the 
body  through  a  part  corresponding  with  the  future  anus,  an  arrange- 
ment which  is  permanent  in  reptiles,  birds,  and  some  of  the  lower  mam- 
malia* In  the  human  ftrtus,  however,  the  intestinal  portion  of  the 
cloaca  is  cut  off  from  that  which  belongs  to  the  urinary  and  generative 
organs;  a  separate  passiige  or  canal  to  the  exterior  of  the  hody,  belong- 
ing to  those  parts,  bcdng  called  the  mitts  uro-genilaUm.  Subsequently, 
this  canal  is  divided,  by  a  process  of  division  extending  from  before 
backward  or  from  above  downward,  into  a  *parB  urinaria'  and  a  'pars 
genitalis.^  The  formur,  continuous  with  the  nrmhus^  is  converted  into 
the  urinary  bladder. 

The  Fallopian  tubes,  the  uterus,  and  the  vagina  are  developed  from 
the  Miillerian  ducts  (fig.  5 Hi,  m),  whose  first  appearance  has  been  al- 
ready described.  The  two  Miillerian  ducts  are  united  below  into  a  sin- 
gle cord,  called  the  genital  cord^  and  from  this  are  developed  the  vagina, 
as  well  as  the  cervix  and  the  lower  portion  of  the  body  of  the  uterus; 
while  the  ununited  portion  of  the  duct  on  each  side  forms  the  upper 
part  of  the  uterus,  and  the  Fallopian  tube.     In  certain  cases  of  arrested 
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or  abnormal  development,  these  portions  of  the  MuIIerian  dncts  may  not 
become  fused  together  at  their  lower  extremities,  and  there  is  left  a 
cleft  or  horned  condition  of  the  upper  part  of  the  uterus  resembling  a 
condition  which  is  permanent  in  certain  of  the  lower  animals. 

In  the  male,  the  MuIIerian  ducts  have  no  special  function,  and  are 
but  slightly  developed.  The  hydatid  of  Morgagni  is  the  remnant  of  the 
upper  part  of  the  MuIIerian  duct.  The  small  prostatic  pouch,  uterm 
masculintiSy  or  sinus  pocularis^  forms  the  atrophied  remnant  of  thedis- 


Flg.  516.— Diaj^rsm  of  the  Wolffian  bo<iie8,  MUllerian  ducts  and  adjacent  parts  previous  to 
sexual  distinct  ion,  as  seen  from  »wfort».  sr,  the  supra-renal  bodies;  r,  the  kidneTs:  of,  common 
blastema  of  ovaries  or  testicles;  W,  Wolffian  bodies;  tr.  Wolffian  ducts;  m  m,  MQlierian  ducts; 
y  c,  genital  cord;  uy,  sinus  urogenital  is;  t,  intestine;  cl,  cloaca.     (Allen  Thomson.) 

tal  end  of  the  genital  cord,  and  is,  of  course,  therefore,  the  homologue, 
in  the  male,  of  the  vagina  and  uterus  in  the  female. 

The  external  parts  of  generation  are  at  first  the  same  in  both  sexes. 

The  opening  of  the  geni to-urinary  apparatus  is,  in  both  sexes,  bounded 
by  two  folds  of  skin,  while  in  front  of  it  tliere  is  formed  a  penis-like 
body  surmounted  by  a  glans,  and  cleft  or  furrowed  along  its  under  sur- 
face. The  borders  of  the  furrows  diverge  posteriorly,  running  at  the 
sides  of  the  genito-urinary  orifice  internally  to  the  cutaneous  folds  just 
mentioned.  In  the  female,  this  body  becoming  retracted,  forms  the 
clitoris,  and  the  margins  of  the  furrow  on  its  under  surface  are  converted 
into  the  nymphae  or  labia  minora,  the  labia  majora  pudendae  being  con- 
stituted by  the  great  cutaneous  folds.     In  the  male  fcotus,  the  margins 
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of  the  furrow  at  the  under  surface  of  the  penis  unite  at  about  the  four- 
teenth week,  and  form  that  part  of  the  urethra  which  is  included  in  the 
penis.  The  large  cutaneous  folds  form  the  scrotum,  and  later  (in  the 
eighth  month  of  development),  receive  the  testicles,  which  descend  into 
them  from  the  abdominal  cavity.  Sometimes  the  urethra  is  not  closed, 
and  the  deformity  called  hypospadias  then  results.  The  appearance  of 
hermaphroditism  may,  in  these  cases,  be  increased  by  the  retention  of 
the  testes  within  the  abdomen. 
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CLASSIFICATION  OP  THE  AJSIMAL  KINGDOM 


A— VERTEBRATA 


tfjLMMALIA 

MonodetphU 
Primates 
Cheiroptera 
Insecti  vora 
Caroivora 
Prolxiecidea 
Hyracoidea 
Ungtilata 
Sirenia 
Cetacea 
Eodentia 
EdentaU 
Did  el  phi  a  , 
Ornltfiodelphia 

Carinatae 
Ratits   . 

ifif^lUA 

Croc  od  ill  a 
Ophidia 
Chelonia    . 

Lacertilia 
IMFHIBIA 

Aniifm 

Urodela 


lOLLUBCA 

Odontophora 

L  amell  1  b  ran  cbiata 

Bracbiopoda 

Polyzoa 

UlTHROPODA 

Crustacea 
Arachnida 

Insect  a 
Myriapoda 

5CHINODEEIMATA   . 

Aimelida    . 

Platjhelmtnthes   . 
N  e  mat  helm  inth  ea 
Xblenterata 
Actinozoa 
Hydro^oa 

>BOTOZOA 


Typical  examples, 

Man,  ape. 

Bat. 

IltKli^eliog. 

Cat,  I  lug,  l>ear. 

Elephant. 

Hynix. 

Htirwe.  sheep,  pig. 

Dugong. 

Whale. 

Rahbit.  rat. 

Armadillo. 

Duck-billed  platjptia 

Fowl,  duck. 
Ostrich. 

Croccxiile. 
Snake. 
Tortoise. 
Lizard. 

Frog. 
Newt. 
Lamprey,  shark ,  cod* 


— IKVt:RTEBRATA, 


Whelk,  Bnail. 
Mussel,  oyster. 
Terebratula. 
Sea  niat 


Lobster. 
Scorpion, 
Bee,  fly. 
Centipede. 
Sea.  BtaiB. 


spider. 


S85 


Earthworm. 

Tapeworm,  fluke. 

Round  -  worm ,  thr  ead-  worm 

Sea  anemoae. 
Hydra. 

Amoeba,  Vorticelift. 
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Organic  Chemical  Substances. 

Nearly  all  of  the  most  important  substances  found  in  the  animal  body 
have  been  mentioned  and  described  in  the  preceding  pages.  It  will  be 
only  necessary  here  to  add  some  brief  notes. 

Certain  terms  have  Ixjen  used  without  explanation. 

Hydrocarbons. — Compounds  of  carbon  and  hydrogen.  Carbon 
being  a  tetrad  element,  the  simplest  hydrocarbon  is  C'^H'^,  methane  or 
marsh  gas.  It  is  found  in  the  gases  of  the  alimentary  canal  (intestiues) 
(p.  406).  It  is  the  first  of  the  series  known  as  paraffins.  The  different 
members  of  the  series  increase  by  CH,,  so  that  the  next  paraffin  is 
C\H^,  ethane;  C,H^,  propane,  and  so  on.     The  general  formula  being 

Alcohols. — From  a  hydrocarbon,  by  substituting  OH  (hydroxjl)  for 
H,  we  obtain  the  corresponding  alcohol;  thus  from  CH,H  we  obtain 
CH,  OH,  methyl  alcohol;  from  C,HJI,  C,H,  OH,  ethyl  alcohol;  from 
C,H,H,  C,  II,  OH,  propyl  alcohol  and  the  like.  They  are  hydrates  of 
the  hydrocarbons. 

Ethers. — The  ethers  arc^  obtained  from  their  corresponding  alcohols 
by  dehydration;  v.^j,,  2((^,HJ  OH  -  H..()  =  (C,HJ/),  ethylic  ether. 

Aldehydes. — The  aldehydes  are  obtained  by  oxidation  of  alcohols 
thus:— C,II^  OH  +  O  =  CH,  COH  +  H.^,  ethyl  aldehyde. 

Acids. — 'The  acids  are  obtained  by  further  oxidation,  one  atom  of  0 
being  substituted  for  H.^,  r.7.,  CH^  CO  OH,  acetic  acid. 

The  series  of  acids  ol)tained  froiii  the  first  series  of  paraffins  is  known 
as  fatty  acids  ;  thost^  which  are  most  familiar  as  fatty  acids  being 
C^n/)..,  hfifffrln  arid;  V^\\^}^.^J  cnproic  add;  C^^Hj^^O^,  palmitic^  and 
^\.^^jy,'>  '""^''''^''^''y  th'iived  from  C^H,„  {butane),  C,H,^  {hejcanc),  C„H,^ 
(hfrderanf),  and  ('^JI^^,  respectively. 

Soaps  and  Fats. — The  fatty  acids  in  combination  with  soda  or 
potash,  or  similar  bases,  form  soaps,  and  when  combined  with  glycerine 
form  fats. 

Other  series  nf  Injdrocarbons, — The  first  series  of  paraffins  consists  of 
saturated  hydrocarbons;  many  other  series  exist,  however,  in  which  the 
(/  is  unsaturatcnl.  Their  general  formulae  are  as  follows:  C  H,  ; 
<'»",„-,;  <^H,.-,;C„H,„_„  and  so  on. 

From  each  series  of  hydrocarbons,  the  corresponding  alcohols,  acids, 
aldehydes,  and  ethers  are  obtainable.  The  alcohols  derived  from  series 
of  ethene,  CJI^,  are  called  glycols.  But  in  glycols  there  are  two  OH 
united  to  the  radicle  instead  of  one — these  are  therefore  called  diatomic 
alcohols;  and  similarly  acids,  of  two  kinds,  may  be  obtained,  by  the  sub- 


^^itution  of  one  or  of  two  atoms  of  <>  for  the  corresponding  H,  or.  H^. 
An  t^xaiyjile  or  two  uuiy  be  fitted:— 

C^  H^j  iikene }  C^  H^  (>H,  ethmie  *jfyml ;  Q^  H^  U^,  fjiycfdlc  acid; 
C^  H,  O^,  (fXiiiic  acid;  ami  C\  }I^,  pntpeite ;  C^  H.  OH,,  propents  glycol; 
C^  H,  O^j  A/r^iV  fir/V/;  C^  H^  O^,  mftlttnir.  ueid 

Tht5  next  siu'ius  of  hydroirarlxjns,  C^^  ^^n  ,»  i**  represented  by  C^  H,, 
mttifleiis  ;  the  next  C)^H^^,  by  tercbinthene,  i.V.  H^^;  the  next  C,H^„^^f 
l»y  bt^nzen**,  C^  H,, 

From  theiie  we  obtain  triatomic  alef>hols,  e.y.,  *jfip'trlne^  C,  H^  *H!,, 
tetmtomiii  alcohols,  tf,.*/.,  tfn/iJirlte,  i\  H  *>H^,  iiml  hexatomic  alcohols, 
e.ff,f  muHHttr^  C^  H,  **''^>  from  the  hiKt,  the  <^arljoh  yd  rates  are  derived. 

Of  the  Ijydrorarbuijy,  only  tnie  is,  as  we  have  naid,  fuiuid  in  the  body, 
viz.,  methane;  of  the  aleohola,  eholesteTine,  C^^  H^^  OH,  a  monatomic, 
and  glyeerioe,  C^  11^  ^^^^aJ  ^  triittuniie  aleohol. 

Of  the  aldehydes  ainl  ketones  (analogous  products  to  aldehyde,  ob- 
tained from  inomerie  aleoholn),  acetf/uef  or  propyl  ketone,  is  found  in  blood 
and  in  urine,  partienlarly  in  diab*?k*8.  The  glneuses  are  ahlehydes  of 
maunite,  and  the  ittlier  earbnhydiateH  are  derived  from  that  elass, 

Fatti/  A?Tw/#, — Formic,  acetic,  propionit*,  butyric,  caproic  and  caprylic, 
art?  all  more  or  lens  represented  in  the  isecretions  and  tissues  of  the  body. 
l*almitic  and  steariti  in  fats. 

Glifcid  Actt/s, — Lactic  acid,  of  which  there  are  three  isomeric  bodies, 
and  lencic  acid  atnl  two  other  at-ids,  oxalic  and  succinic. 

Aronuftir  Srt'ivs, — The  fomHlatioii  is  the  Wiizol  ring,  C^K^,  and  all 
bodies  containing  this  i-adicle  are  closely  related.  They  differ  in  i-egard 
U.V  tlie  iwjsitiun  in  t!ie  ring  of  the  II  atoms  which  are  replaced,  as  well  as 
in  regard  to  the  snbstanees  which  replace  them  j  the  derivatives  often 
occur  in  the  decomposition  of  proteids.  Fheuol  or  oxybenzol  (C^H^O) 
is  foun^l  in  coiidiination  in  the  ririne  and  faeces,  Oxybenzoic  acid 
(C^H^,  OH,  (JOOII)  iH  a  common  decomposition  product  of  proteids;  one 
atom  of  H  is  replaced  by  hydroxyl  and  another  by  carboxyL  The  action 
of  Millon's  reagent  is  due  to  the  benzol  ring, 

Nkrofft'uitits  J*tUf(htrfti  of  Frutviii  /)t*rftmjmftiiiOft. 

Amine.^, — These  are  Ixjdies  of  the  ammonia  type  (NHj  in  which  one 
or  more  of  the  H  atoms  of  the  ammonia  are  ii*plaeed  by  hydroearboii 
radicles;  e.f/,y  KH,^,  CIl^  =  nwtkf/lamme  or  mono-methylamine.  Tri- 
jnt'thijiamine^  K(Cii,)^,  often  occurs  in  putrefaction. 

Protamines. — These  are  basic  inoteid  btKlies  which  give  the  Biuret 
reaction;  on  decomposition  they  yield  the  nitrogenous  bases  but  no  leucm 
or  tyrosin.     They  occur  in  the  decomposition  of  all  proteids  atjd  also  aa 
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primary  constituents  of  cells,  especially  in  spermatozoa.  In  this  group 
are  argmiimy  bjsluy  and  hystidin. 

Amides. — These  ai-e  bodies  of  the  ammonia  type  (NHJ  in  which  one 
or  more  of  the  H  atoms  are  replaced  by  organic  acid  i-esidues  (an  acid 
residue  =  the  acid  minus  hydroxyl;  <?.</.,  CH^CO  is  the  residue  of 
CH,  COOH).  Monacetamide  =  NH„  CH,CO  Thei-e  are  also  more 
complicated  amides  which  are  built  up  from  two  molecules  of  ammonia; 
e.fj.y  urea  or  carbamide,  which  is  formed  from  carbonic  acid  and  is  usu- 
ally written  CO,  NH,,  NH^. 

Arnido-acids. — These  ai*e  bodies  of  the  ammonia  type  (NHJ  in  which 
one  or  more  of  the  H  atoms  of  the  ammonia  are  replaced  by  organic  acid 
radicles ;  they  may  also  be  regarded  as  acids  in  which  one  or  more  of  the 
H  atoms  of  the  acid  radicle  are  replaced  by  amidogen,  NH,.  As  the 
term  implies  that  they  are  acids,  it  is  necessary  that  they  contain  the 
carboxyl  group  (COOH)  intact.  For  example,  glycin  (amido-acetic acid) 
i-  either  NH,,  CH,  COOH  or  CH,  (NH,),  COOH. 

Nitrogenous  or  Nuclein  Bases. — The  members  of  this  group  are  very 
closely  related  and  consist  of  hypoxanthin  (C^H^X^O),  xanthin 
(C.H^Npj,  adenin  (C^H^NJ,  and  guanin  (CJI^N^O).  Besides  occur 
ring  in  ordinary  [)r()teid  decomposition,  they  are  also  always  present  in 
all  downward  chemical  elianges  in  the  cells.  Uric  acid  (C^H^Np,), 
though  not  a  menilHM"  of  the  group,  is  shown  to  be  closely  related  by 
studying  their  ehemieal  (*omj)osition.  By  oxidation  uric  acid  yields  urea 
and  alloxan  ((■^H.^N.OJ ;  it  has  been  found  that  in  alloxan  there  is  pres- 
ent a  radicle  C^^X^  known  as  the  purin  or  alloxan-uric  nucleus;  purin  is 
formed  from  this  radi(;le  by  the  substitution  of  H  atoms.  Both  uric  acid 
and  the  nuelein  bases  can  Ix^  derived  from  this  base;  hypoxanthin  is  oxy- 
purin,  uric  acid  is  tri-oxypurin,  adenin  is  amino-oxypurin,  etc. 

Frotargons. — These  are  very  coni{)lex  i)hospliorus-containing  bodies 
which  are  chieHy  obtained  from  nervous  tissues.  Trotargon  was  at  one 
time  considered  an  entity,  but,  according  to  the  most  recent  views,  it  is 
merely  a  mixture  of  ccn-brin  and  lecithin. 

Of  the  bodies  which  constitute  the  above-mentioned  groups,  only  the 
following  need  be  deseriljed : 

GIgcuij  GhfcontI,  G/gmrhi,  or  }  ^    ,.   i^n    —  (  ru  ^^^^       \ 
Ainiiln-acedc  nrld.  f  ^^  ^^-  ^^^ ^  "  V  ^  "^^CO  OH.j 

This  substance  occurs  in  the  body  in  combination  as  in  the  biliary 
acids,  but  is  never  free.  Glycocholic  acid,  when  treated  with  weak  acids, 
with  alkalies,  or  with  baryta  water,  splits  uj)  into  eholic  acid  and  glyciii, 
or  amido-acetic  acid.  Thus:  C  H..XO,  +  H^O  =  C,  H,  (),  +  C  h/nO.. 
Glycocholic  acid  -|-  Avater  =  eholic  acid  +  glycin,  and  under  similar 
circumstances  Taurocholic  acid  splits  up  into  eholic  acid  and  tauriu: 
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C„  H,,  O,  KSO,  +  H,0  =  (\,^  fl  ,  ()  +  r,  H,  NSO  .  or  aniido-isethionic 
aeid.  Taur<icliolin  arid  -f  wjtter  =  rholir  at^id  and  taurin,  Olycin  occurs 
also  in  hippurie  uind.  It  am  lie  i»rej>are(l  froiri  gelatin  bj  the  action  of 
acids  or  alkalies,  and  t-an  al»o  be  obtained  from  hippuric  acid. 

stit^ieiit  of  kieatin,  antl  also  of  f*afFeinej  but  has  never  been  found  trv**  m 
t)ie  human  Ixjdy.  It  may  be  olitained  from  tlit^se  Iwidies  by  bnilini:  with 
bar\ia  water, 

rtJprittr  iinff^  ^        c        is  j  \  :s  a  a  ^  V  j/ 

occurs  noruially  iu  ujauy  of  the  mt^aiis  ui  the  Inxly,  and  is  a  [imdnet  of 
the  jianeivatie  flii^pstic^u  of  jtrot^^ids.  It  is  present  iu  the  urine  iu  eertaiu 
diseases  of  the  liver  iu  whieh  there  is  hiss  of  sulmtiuice,  es|>eeially  in 
aeate  yellow  atro]diy.  It  oeeurs  in  cnreular  oily  discs  or  crystallizes  iu 
plates,  and  eau  be  preparerl  either  by  boiling  horn  shavings,  or  any  of 
the  gelatins  with  sulphurie  aeid,  or  out  of  the  produets  of  paiicreatic 
digestion. 

frftffuldhu  CNJIJ    =  C^Ml  ^v-ttM  i^  H  derivative  of  urea,  tlie  atom 

of  O  Ix^ing  I'eplaeed  by  NIL 

is  one  of  the  primary  produets  of  niuseular  disintegration.      It  is  always 

found  in  the  juiee  of  nursele.     It  is  furmed  by  the  action  of  guanidin  on 

methyl  ainiilo-aeetie  aei^l.      It  is  generally  decomposed  in  the  blood  into 

urea  and  sareosiru  and  only  appears  iu  the  urine  as  kreatinitK     Treated 

with  either  sulphuric  or  hydroehhuie  aeid,  it  is  converted  into  kreatinin  ; 

thus — 

<-.  II.N,f>,  =  C.  irN,0  +  H,0. 

It  has  been   maile  synthetieally  l>y  bringing  together  eyaniniide  mid 

•cosine. 

/{rrnfiifin,  C    H    X    0  [  —  CKH <  '\        )   is   present  in  liurnan 

*  ^       V  N(CHJCH,/ 

urine,  derived  frojn  didiydration  nf  kreatin.  It  does  not  appear  to  be 
present  iu  muscle.  It  is  liasie,  having  Inst  the  (NuJIf  grouyu  and  reacts 
as  an  alkaline  body,  c(>mhiuing  with  siilts  to  form  double  salts»  etc.  On 
decomposition  it  yields  urea,  sareosiu,  anil  nu'thyl  guanidin, 

l^n^rin  or  Amuh.  ^  ^   ^^    ^  I  M,<vii  ^)  *«  ^  f'onstituent 

of  the  bile  at'id,  taunicholic  aeid,  and  is  found  also  in  traces  in  the 
muscles  and  lungs.  It  has  bwn  pr«?pared  synthetieally  from  isethiouic 
acid.     It  is  a  crystalline  substance,  very  stable. 
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BeJS'^o^S'a^  ]  «.  ".  NO.  =  (C.  H.  CONH  CH,  CO  OH), 
a  normal  constitueDt  of  buman  urine,  the  quantity  excreted  being  in- 
creased by  a  vegetable  diet,  and  therefore  it  is  present  in  greater  amount 
in  the  urine  of  lierbivora.  It  may  be  decomposed  by  acids  into  glycin 
and  benzoic  acid.  It  crystallizes  in  semi-transparent  rhombic  prisms, 
almost  insoluble  in  cold  water,  soluble  in  boiling  water. 

Ti/rosln  or  Para'ojnjphen' \  ^    „     ^r\  ( —O    w  /^^  '\ 

yl-ainido'propriotne  arid,        f  ^-^  ^^.  ^^^^\^-^«  ^*"^(^^H„  NH„  COOH/. 

This  is  found  generally  t-ogether  with  leucin,  in  certain  glands,  e.g.,  pan- 
creas and  spleen ;  and  chiefly  in  the  products  of  i)ancreatic  digestion  or 
of  the  putrefaction  of  i)roteids.  It  is  found  in  the  urine  in  some  diseases 
of  the  liver,  esi>ecially  acute  yellow  atrophy.  It  crystallizes  in  tine  nee- 
dles, which  collect  into  feathery  masses.  It  gives  the  proteid  test  with 
Mil  Ion's  reagent,  and  heated  with  strong  sulphuric  acid,  on  the  addition 
of  ferric  chloride  gives  a  violet  color. 

^=CH„O.C.,H„CO 
T     V7-     n    TJ    vvn  /      CH,O.C,   1^3.00 

CH,,  ^•l^^<o,CH^,CH,N(CH,XOH./ 

It  is  a  combination  of  cholin  with  glycero-phosphoric  acid  in  which  the 
two  H  atoms  of  the  glycerine  are  replaced  by  fatty  acid  radicles.  The 
chemical  formula  varices  in  accordance  with  the  kind  of  fatty  acid ;  in  the 
above  formula  one  radicde  is  that  of  oleic*  acid  and  the  other  that  of  }»iil- 
mitic.  In  charat^ter  it  is  a  complex  nitrogenous  fatty  body,  containing 
phosphorus,  which  has  been  found  mixed  with  cerebrin  and  oleo-phos]>ho- 
ric  acid  in  the  brain.  It  is  also  f(mn«l  in  blood,  bile,  and  serous  fluiils, 
and  in  larger  cpumtities  in  nerv(»s,  pus,  yolk  of  i'^^,  semen,  luul  white 
blood-corj>uscles.  On  boiling  with  acids  it  yields  cholin,  glycero-phos- 
phoric  acid,  and  fatty  acids. 

Crrrhrln,  (\.  II.,.,  NO.,,  is  a  light  amorphous  powder,  tasteless  ami 
odorless,  which  is  found  in  nerves,  pus  corjmscles,  and  in  the  brain'.  It 
is  a  nitrogenous  body  whose  cheuiical  constitution  is  not  known,  though 
the  large  amount  of  ( >  which  it  contains  indicates  the  ])resence  of  a  fatty 
acid.  It  swells  up  like  starch  when  boiled  with  water.  AVhen  decom- 
posed it  yields,  besides  other  substances,  a  sugar  (gelactose). 

('fir  Ar'nl  or  Tri-oxt/jnirin,  (^  H^  N,  <).,  occurs  in  the  urine,  spariiij^ly 
in  human  urine,  abundantly  in  that  of  birds  and  re{)tiles,  Avheiv  it  rejm- 
sents  the  chief  nitrogenous  decoin])osition  lU'oduct.  It  occurs  also  in  the 
blood,  spleen,  liver,  aiul  souH^iuH^s  is  the  only  constituent  of  urinary 
calculi.  It  is  |)rol)ably  converted  iu  the  Mood  into  urea  and  carhonie 
acid.     It  generally  occurs  in   uriue  in  combination  with   bases,  forming 
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iratf^f  and  never  free  unless  untler  ^abnormal  eonilitions,  A  deposit  of 
urates  may  occur  wlieu  the  uriue  is  cuueentrat-ed  or  extremely  acid,  aud 
in  febrile  disorders. 

J^anthin  or  Di-oxifpurinj  C^  H^  N^  0,,  baa  been  obtained  from  tlie 
liver,  spleen,  thymus,  muscle,  and  the  blouiL  It  in  found  in  normal 
urine,  and  is  a  constituent  of  certain  rare  urinary  calculi. 

IhfpQxmithln  or  (Kri/purijiy  C^  11^  K^  O,  in  found  in  juice  of  tlesh,  in 
the  spleen,  thymus,  and  thyroid. 

Gitanin  ov  AmiTio-oxt/purm^  (\  H^  N^  O,  has  been  found  in  the  human 
liver,  spleen,  and  fieees,  but  does  not  occur  as  a  constant  juoduct. 

Aden  In  or  Amino-parinf  C^  11^,  N^^,  is  the  simplest  mendjer  of  the 
purin  group.  It  exists  abundantly  in  the  liver  and  urine  of  It  uroey- 
themie  patients. 

Aiittntmti,  il^  l\^  N^  O^,  found  in  the  allantoic  fluid  of  the  fcetus,  and 
in  the  ui ine  of  animals  for  a  short  period  after  thetr  birth.  It  is  one  of 
tlie  oxidation  products  of  uric  acid,  which  on  oxiihition  gives  urea. 

In  atlditicm  to  the  above  comj)oundfi  and  probai>ly  related  to  them,  are 
certain  coloring  ami  excisemen titious  matters,  which  ai'e  also  most  likely 
distinct  decomposition  compounds. 


b 


Pif/mejits^  Etc. 


BiifntM'n^  i\^  H,^  N^  O^,  is  the  l>est  known  of  the  bile  pigments.  It 
is  best  made  by  extracting  inspissated  bile  or  gall  stones  with  water 
(which  dissolves  the  salts,  etc.),  then  with  alcohol,  which  takes  out  cho- 
lesteiitj,  fatty  and  biliary  acids.  Hydrcxdiloric  acid  is  then  added,  which 
decomposes  the  irine  salt  of  bilirubin  and  removes  the  lime  After  ex- 
tracting with  alcohol  and  ether,  the  residue  is  dried  and  finally  extracted 
with  chloroftuiu.  It  erystallii^es  of  a  bluisb-red  color.  It  is  allied  in 
coui position  to  luematin,  as  has  Iw^en  described. 

Biiiverdhi^  C^^  H^^  N,  O^j  is  made  by  passing  a  current  of  air  through 
an  alkaline  solution  of  bilirubin,  aud  by  iu'^''**U*^^'*^^'^'**  witli  liydro- 
rhloric  acid.  It  is  a  green  pigment  which  is  an  t>xidation  profluct  of 
bilirubin. 

BififMseifif  C^  H^,  ^0;,  is  nmde  by  treating  gall  stones  with  ether, 
then  with  dilute  acid,  and  extracting  with  ab.solute  alcohol  It  is  a 
n  on  -  c  ry  stal  1  i  zal>le  1  >r o  w n  p  i  g  i n en  t . 

JiUiprtfsiti  is  a  pigment  of  a  green  color,  whicli  can  Ix*  olitained  from 
gall  stones,  and  from  bile  which  has  Itecn  allowed  to  decompose 

BiiilftfMhi  (Staedeler)  is  a  dark  luown  earthy-looking  substance,  of 
which  the  formula  is  unknown.  ^ 

Uroehrome  and  Urolni'tn  occur  in  bile  aud  in  urine;  the  latter  is  prob* 
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ably  identical  with  stercobiHriy  which  is  found  in  the  faeces.  Uroerytkrin 
is  one  of  the  coloring  matters  of  the  urine.  It  is  orange  red  and  con- 
tains iron,  as  is  also  Choletelin. 

Melanin  is  a  dark  brown  or  black  pigment  which  occurs  especially  in 
epidermal  tissues,  where  it  is  associated  with  keratin.  It  is  found  in  the 
lungs,  bronchial  glands,  hair,  choroid,  skin  of  negroes,  etc. ;  also  in  the 
urine  and  in  melanotic  diseases,  e.g.j  sarcoma.  It  is  a  transformation 
product  of  pr()tt»i(ls,  to  which  it  is  closely  related,  and  can  be  made  arti- 
ficially by  boiling  proteid  with  sulphuric  acid.  It  contains  C,  H,  0,  N,  S, 
and  (rarely)  Fe. 

Ltpor/trnmes  are  pigments,  usually  yellow  or  yellowish -red,  which  are 
associated  with  fat,  being  almost  always  present  in  adipose  tissue.  Lit- 
tle is  known  about  them,  but  they  are  thought  to  consist  only  of  C,  H, 
and  O. 

Htrmatln  has  been  fully  treated  of,  p.  162  et  se^. 

Indira n  or  Potassium  indoxyl  sulphate^  C^  H^  NKSO^,  is  found  in  the 
urine  and  is  derived  from  proteid  putrefaction  in  the  intestines.  It  is 
colorless. 

Indifjo  or  Imiif/o-blue,  C,^  H,^  N,  O,,  is  formed  from  indican.  It  is 
usually  found  free  in  small  amounts  in  decomposing  urine,  where  it  may 
give  a  bluish  color  to  the  sediment;  in  very  rare  instances  it  makes  the 
whole  urine  bhie. 

Indolj  L\  H^  N,  Ix^longs  to  the  aromatic  series  and  is  a  product  of 
proteid  {mtrefaction  in  the  intestine.  It  is  found  in  the  faeces  and  hel]'S 
cause  their  odor.  When  absorbed,  it  is  excreted  in  the  urine  as  potas- 
sium in  doxy  1  sulphate  (indican). 

Skatol,  C^  H^  N,  is  also  one  of  the  aromatic  series,  a  product  of  pw- 
teid  imtrefaetion  in  the  intestines.  It  is  found  in  the  faeces  and  contrib- 
utes to  their  odor.  When  absorbed,  it  is  excreted  in  the  urine  as  soilium 
or  potassium  skatoxyl  sulphate.  Both  indol  and  skatol  are  crystalline 
and  volatile. 

Nitrogenous  Bodies  of  Uneertain  Nature, 

Ferments  are  bodies  which  possess  the  property  of  exciting  chemical 
chang(\s  in  matter  with  which  they  come  in  contact.  They  are  at  present 
divided  into  two  classes,  called  (1)  organized,  and  (2)  unorganized  or 
soluble. 

(1.)  Of  the  organized,  yeast  may  be  taken  as  an  example.  Its  activ- 
ity depends  upon  the  vitality  of  the  yeast  cell,  and  disappears  as  soon  as 
the  cell  dies,  neither  can  any  substance  be  obtained  from  the  yeast  by 
means  of  precipitation  with  alcohol  or  in  any  other  way  which  has  the 


power  of  excitiDg  the  ordinary  change  produced  by  the  plant  itself. 
The  action  of  miero-organiijms  in  the  alimentary  canal  and  elsewhere  is 
aleo  an  example  of  the  game  nature. 

(2.)  Unonjanized  or  mlubk  fenmnis  are  those  which  are  found  in 
secretions  of  glands,  or  are  produced  by  chemical  changes  in  animal  or 
vegetable  cells  iu  generul;  when  isolated  they  are  colorless,  tasteless, 
amorphous  solids  soluble  in  water  and  glycerin,  and  precipitated  from 
the  aqneous  solutions  by  alcohol  and  acetate  of  lead.  Chemically  many 
of  these  are  said  to  contain  nitrogen. 

Mode  of  action. — Without  going  into  the  theories  of  how  these  un- 
organized ferments  act,  it  will  suffice  to  mention  that: 

(1.)  Their  activity  beyond  a  certain  point  does  not  depend  upon  the 
actual  amount  of  tho  ferment  present  (2.)  That  the  activity  is  de- 
stroyed by  high  teniperaturej  and  various  concentrated  chemical  re- 
agents, but  increased  by  moderate  heat,  about  40''  C,  and  by  weak  solu- 
tions of  either  an  acid  or  alkaline  fluid.  (:i)  The  ferments  themselves 
appear  to  undergo  no  change  in  their  own  composition,  and  waste  very 
alightly  during  the  process. 

The  chief  classes  of  unorganized  ferments  are  :^ 

(1.)  Amylol^ticy  which  possess  the  property  of  converting  starch 
into  glucose.  They  add  a  molecule  of  water,  and  may  be  called  hydro- 
lytic.  Tho  principal  amylolytic  ferments  are  Fiyalin,  found  in  the 
saliva,  and  a  ferment,  probably  distinct,  in  the  pancreatic  juice,  called 
AmifhpsifL  These  both  act  in  an  alkaline  medium.  Amylolytic  fer- 
ments have  been  found  in  the  blood  and  elscwliere. 

(2,)  Proteohjlk'  convert  proteids  into  peptones.  The  nature  of  their 
action  is  probably  hydrolytic.  The  proteolytic  ferments  of  the  body 
are  called  Pepsin^  from  the  gastric  juice  acting  in  an  acid  niediuiD. 
Trypsin^  from  the  pancreatic  juice  acting  in  alkaline,  neutral,  or 
acid  media.  The  Succus  entericus  is  said  to  contain  a  third  such  fer- 
ment. 

(3.)  Invtrsive^  which  convert  cane  sugar  or  saccharose  into  grape 
sugar  or  glucose.  Such  a  ferment  was  found  by  Claude  Bernard  in  the 
Buccus  entericus;  and  probably  exists  also  in  the  stomach  mucus. 

(4.)  FBrmmits  which  act  npon  fats* — Such  a  body,  called  Bteapsin^ 
has  been  found  in  pancreatio  juice. 

(5.)  Milk-curdling  fermejiis. — It  has  been  long  known  that  rennet,  a 
decoction  of  tho  fourth  stomach  of  a  calf^  in  brine,  possessed  the  power 
of  curdling  milk.  This  power  does  not  depend  upon  the  acidity  of  the 
gastric  juice,  since  the  curdling  will  take  place  in  a  neutral  or  alkaline 
medium;  neither  does  it  depend  upon  the  pepsin^  as  pure  pepsin  scarcely 
curdles  milk  at  all,  and  the  rennet  which  rapidly  curdles  milk  has  no 
proteolytic  action.  From  this  and  other  evidence  it  is  believed  that  a 
53 
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distinct  milk-cnrdling  ferment  exists  in  the  stomach.  W.  Boberts  has 
shown  that  a  similar  but  distinct  ferment  exists  in  pancreatic  extract, 
which  acts  best  in  an  alkaline  medium,  next  best  in  an  acid  mediam, 
and  worst  in  a  neutral  medium.  The  ferment  of  rennet  acts  best  in  an 
acid  medium,  and  worst  in  an  alkaline,  the  reaction  ceasing  if  the  alka- 
linity be  more  than  slight.     Also  in  the  Succus  entericus. 

In  addition  to  the  above  ferments,  many  others  most  likely  exist  in 
the  body,  of  which  the  following  are  the  most  important: 

(6.)  Fibrin-forming  ferment  (Schmidt),  (see  p.  136  ei  seq.)^  found  in 
the  blood,  lymph  and  chyle. 

(7.)  A  ferment  which  converts  glycogen  into  glucose  in  the  liver; 
being  therefore  an  amylolytic  ferment. 

(8.)  Myosin  ferment. 

Carbo-hydrates  or  Amyloids. 

The  divisions  of  carbo-hydrates,  and  the  chief  substances  forming 
each  class  with  their  properties,  have  been  already  given  (p.  122  et  stq)» 
The  following  additional  information  may  be  useful. 

The  glucoses  may  be  considered  as  the  aldehydes  of  mannite,  thus: 

CHa  OH        )  CHa  OH         ) 

(CH  0H)4     \  Ce  Hu  0«,  (CH  0H)4      V  C«  H12  0« 

CHa  OH        )  CO  H  ) 

mannite.  glucose. 

The  Saccharoses  or  sucroses  are  made  up  of  two  volumes  of  glucose 
minus  one  molecule  of  water. 

C«  H,a  Oe  +  Ce  Hia  Os  -  Ha  0  =  Cia  Haa  0„. 
The  amyloids   are   anhydrides   of  the   glucoses,   Ce  Hia  Oe  — H2  0  = 
CfiHioOs. 

Tests  for  Glucose, — (i.)  Trommer's, — This  test  depends  upon  the 
power  sugar  possesses  of  reducing  copper  salts  to  their  sub-oxide.  It  ia 
done  in  the  following  way : — An  excess  of  caustic  potash  and  then  a 
solution  of  copper  sulphate,  drop  by  drop,  are  added  to  the  solation 
containing  the  sugar  in  a  test-tube,  as  long  as  the  blue  precipitate  which 
forms  redissolves  on  shaking  the  tube.  The  upper  portion  of  the  fluid  is 
then  heated,  and  a  yellowish-brown  precipitate  of  copper  suboxide  ap- 
pears. The  test  may  also  be  done  by  taking  only  a  drop  or  two  of  the 
copper  sulphate  solution. 

(ii.)  Moore's. — If  a  solution  of  sugar  in  a  test-tube  is  boiled  with 
caustic  potash,  a  brown  coloration  appears. 

(iii.)  Fermentation, — If  a  solution  of  sugar  be  kept  in  the  warm  plate 
for  a  time  after  the  addition  of  yeast,  the  sugar  is  converted  into  alcohol 
and  carbon  dioside.     (CsHnOe  =  2C2H5OH  +  2C0a.) 

(iv.)  Bottcher's  test, — A  little  bismuth  oxide  or  subnitrate  and  an 
excess  of  caustic  potash  are  added  to  the  solution  in  a  test-tube,  and  the 
mixture  is  heated*,  tYi^  ^oVvxiioii  becomes  at  first  gray  and  then  blacL 
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(t.)  Pieric  add  test, — To  the  solution  about  a  fourth  of  its  bulk  of 
picric  acid  (saturated  solution)  and  an  equal  quantity  of  caustic  potash 
are  added,  and  the  solution  is  boiled;  the  liquid  becomes  of  a  very  deep 
ijoffee-brown. 

(vi.)  Indigo-carmine  test — Add  a  solution  of  indigo  carmine  to  color 
■agar  solution  distinctly  blue,  and  add  solution  of  sodium  carbonate,  and 
heat.  The  blue  color  changes  to  purple  and  then  to  brown  and  yellow, 
but  ia  restored  on  shaking  the  solution. 

(viL)  Phenyl  hydrazine  test, — A  solution  of  phenyl  hydrazine  hy- 
drochloride and  sodium  acetjite  is  added.  Keep  in  water-bath  at  boiling 
for  aome  minutes,  then  cooL     Yellow  crystals  result. 

Quantitative  Estimation  of  Grape  ^Sugar, 

1,  Fehling's  Method. — Solution  required  ^  copper  sulphate  and  caus- 
tic soda,  with  some  sodic  potassic  tartrate  of  such  a  strength  that  10  c,c, 
W  solution  contain  the  amount  of  cupric  oxide  which  0.5  grm,  of  sugar 
can  reduce  to  cuprous  oxide.  (This  solution  should  be  freshly  pre- 
pared,) It  is  made  as  follows:  Take  of  sulphate  of  copper,  40  grms.; 
neutral  tartrate  of  potash,  100  grms.j  caustic  soda  (sp.  gr.  1.12),  750 
grms. ;  add  distilled  water  to  1154.5  c.c.  Each  10  e.c.  contains  .05  grm* 
of  sugar. 

Method. — Take  10  c.c,  of  the  Siiccharine  solution  free  from  albumen, 
and  add  90  c.c,  of  distilled  water.  Place  this  in  a  burette.  Put  into  a 
flask  or  dish  10  c.c.  of  the  standard  solution,  and  dilute  with  four  times 
its  bulk  of  water  and  boil.  Kun  into  it,  from  burette,  some  of  the 
diluted  urine,  say  20  c.c,  and  boil.  Allow  precipitate  to  settle,  and  if 
gnpernatant  fluid  is  still  blue,  add,  say,  5  c.e.  from  burette,  and  boil 
igain,  and  so  on,  till  the  fluid  ceases  to  have  a  blue  tinge,  taking  care, 
toward  the  end  of  the  process,  to  add  only  a  few  drops  each  time.  If, 
ifter  adding  20  ex.  of  diluted  urine  and  boiling,  the  fluid  has  been 
lecolorisjed,  too  much  of  the  solution  has  been  added,  and  another  esti- 
nation  with  a  second  10  c.c.  of  standard  solution  must  be  made,  but 
esa  than  20  c.c.  of  the  saccharine  solution  should  be  added  (say  10  c.c.) 
i\  first  instance. 

When  the  number  of  c.c.  of  diluted  urine  required  to  decolorize  the 
olution  has  been  determined,  that  volume  contaitis  the  amount  of  sugar 
lecessary  to  reduce  10  c.c,  of  standard  solution,  /.e.,  .05  grm.  But  one- 
enth  only  of  this  is  the  saccharine  solution,  .•,  one-tenth  of  number  of 
t.c.  used  contains  .05  grm.  of  sugar.  From  this,  the  percentage  can  be 
4i8ily  calculated. 

2-  Pavy^s  Modification  o/  Fehling's  M^Mof?.— By  Fehling's  method  it 
s  difficult  and  tedious  to  judge  of  the  point  of  complete  reduction  of 
Jie  cupric  oxide.  Br.  Favy,  accordingly,  uses  a  strongly  ammoniacal 
lolutioE  of  the  above»     A  certain  amount  is  introduced  into  a  small 
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flask,  which  is  then  heated  till  the  vapor  of  ammonia  escapes  by  a  nar- 
row tube.  The  sugar  solution  is  then  allowed  to  flow  from  a  burette 
into  the  flask  until  the  blueness  has  disappeared,  the  solution  being 
kept  boiling  all  the  time.  The  blueness  is  apt  to  disappear  suddenly, 
and  care  should  therefore  be  taken  toward  the  end  of  the  process. 
Calculate  as  in  Fehling's  method. 

3.  Estimation  of  sugar  by  fermentation. — In  the  case  of  saccharine 
urine,  it  is  allowable  as  a  single  test  to  use  the  following  method :— Take 
specific  gravity  of  urine  before  and  after  fermentation.  Each  degree 
of  specific  gravity  lost  by  the  urine  represents  one  grain  of  sugar  per 
ounce  of  urine. 

4.  Sugar  may  also  be  estimated  by  adding  yeast  to  urine,  and  col- 
lecting the  carbon  dioxide  evolved.  The  carbon  dioxide  is  a  measure 
of  the  amount  of  sugar  present. 

5.  The  estimation  may  also  be  done  by  the  saccharimeter,  an  instru- 
ment for  the  estimation  of  the  degree  of  polarization  which  a  ray  of 
light  undergoes  in  passing  through  a  solution  of  sugar,  either  to  the  left 
or  to  the  right. 

Urea,  CO  (NH2)2.  The  properties  and  relations  of  urea  have  been 
treated  of  at  some  length  in  the  chapter  upon  excretion.  There  re- 
mains to  be  described  the  method  of  its  quantitative  estimation  in  the 
urine.     There  are  two  chief  methods,  viz. : — 

(i.)  Hypobromite  Method. — One  of  the  forms  of  apparatus  employed 
in  this  method  (Russell  and  West's)  consists  of  (a)  a  water-bath  sup- 
ported by  three  iron  bands,  arranged  as  a  tripod.  The  bath  is  provided 
with  a  cylindrical  depression,  and  with  a  hole,  into  which  fits  a  perfo- 
rated india-rubber  cork;  {h)  a  bulb  tube  with  a  constricted  neck;  (c)» 
glass  rod  provided  with  an  india-rubber  band  at  one  extremity;  (rf)s 
pipette  of  five  cubic  centimetres  capacity;  (e)  a  graduated  glass  collect- 
ing tube;  (/)  a  spirit  lamp;  (g)  a  wash-bottle  with  distilled  water;  [h] 
hypobromous  solution.  The  hypobromous  solution  is  made  in  the  fol- 
lowing way:  three  and  a  half  ounces  (100  grm.)  of  solid  caustic  soda  is 
dissolved  in  nine  ounces  (250  grm.)  of  distilled  wiiter.  When  the  solu- 
tion is  cold,  seven  drachms  (25  c.c.)  of  pure  bromine  are  to  be  added 
carefully  and  gradually.  The  mixture  is  not  to  be  filtered;  it  keeps 
badly,  and  for  this  reason  it  should  be  made  shortly  before  it  is  required; 
or  the  solution  of  caustic  soda  in  water  may  be  made  in  large  quantities 
as  it  does  not  undergo  any  change,  the  bromine  in  the  proper  propor- 
tion being  added  at  the  time  it  is  required  for  use. 

MetJiod,—  Y'\\\  the  pipette  to  the  mark  on  the  stem  with  the  urine  to 
be  examined;  pour  the  5  c.c.  of  urine  thus  measured  out  into  the  bulb; 
fill  up  the  bulb  tube  as  far  as  the  constricted  neck  with  distilled  water 
from  the  wash-bottle;  insert  the  glass  rod  {c)  in  such  a  way  that  the 
india-rubber  band  at  the  extremity  fills  up  the  constricted  neck;  the 
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diluted  urine  should  exactly  occupy  the  bulb  and  neck  of  the  tube,  no 
bubble  of  air  being  below  the  elastic  band  on  the  one  hand,  while  on 
the  other  the  fluid  should  not  rise  above  the  band;  in  the  former  case 
little  more  water  should  be  added,  in  the  latter  a  fresh  portion  of 
tirine  must  be  used,  and  the  experiment  repeated.  After  adjusting  the 
glass  rod,  fill  up  the  rest  of  the  bulb  tube  with  hypobromous  solution; 
it  will  not  mix  with  the  urine  so  long  as  the  rod  is  in  place.  The 
water-bath  having  been  previously  erected,  and  the  india-rubber  cork 
fixed  firmly  into  the  aperture,  the  bulb  tube  la  to  bo  thrust  from  below 
through  the  perforation  in  the  cork.  The  greater  part  of  the  tube  is 
then  beneath  the  water-hath,  the  upper  extremity  alone  being  grasped 
by  the  cork.  Fill  the  water-bath  half  full  of  water,  fill  also  the  grad- 
uated glass  tube  {$)  with  water,  and  invert  it  in  the  bath;  in  doing 
this  no  air  must  enter  the  tube,  which  when  inverted  should  be  com- 
pletely filled  with  water.  Now  slide  the  graduated  tube  toward  the 
orifice  of  the  hulb  tube,  at  the  same  time  withdrawing  fclie  glass  rod 
which  projects  into  the  bath  through  the  cork.  At  the  instant  that  the 
rod  is  withdniwn  the  hypobromous  solution  mixes  with  the  diluted 
urine,  and  a  decomposition  takes  place  represented  thus;  00^^114  + 
SNaBrO  -f  2NaH0  =  3  NaBr  +  3UaO  +  Na-jCOa  +  Na,  Urea  +  sodium 
hypobromite  -j-  Ciiustic  soda  ^  sodium  bromide  -j-  water  -f  sodium  carbon- 
ate +  nitrogen.  The  nitrogen  produced  is  given  off  as  gas,  and  dis- 
places the  water  in  the  graduated  tube,  which  is  held  over  it  The  gas 
is  at  first  evolved  briskly,  but  afterward  more  slowly;  to  facilitate  its 
evolution,  the  bulb  of  the  tube  may  be  slitjhfly  warmed  with  a  spirit 
lamp;  as  a  rule,  however,  this  is  unnecessary.  After  ten  minutes,  the 
amount  of  water  disidaced  by  the  gas  should  he  read  oflf  on  the  tube, 
which  is  divided  into  tenths.  Each  number  on  the  tube  represents  one 
gram  of  urea  in  100  c,c.  of  urine.  Normal  urine  should  yield  roughly 
1.5-2.5  parts  of  nitrogen  by  this  test.  If  5  c.c.  of  urine  gives  oU  more 
nitrogen  than  fills  the  tube  to  iii.,  dilute  the  urine  with  an  equal  volume 
of  water,  and  take  5  cc;  read  of!  and  multiply  by  two.* 

Several  apiiamtus  may  be  employed  instead  of  the  one  described,  viz., 
those  of  Dupre,  Gerard^  and  Squibk  The  chemical  reactions  in  each 
ease  are  the  same. 

(ii*)  Liebig's  Method.— This  method  is  of  greater  accuracy,  Th& 
solutt'ons  rcqifin'd  are  (a)  Imrt/la  mirinrc  —  %  vols,  of  sat  united  solutioii 
of  barium  nitrate  and  1  vol.  of  saturated  solution  of  barium  hydrate; 
{b)  standard  solution  of  mercuric  nitrate^  such  that  1  c.c,  will  precipitate 
,01  grm.  of  urea,  and  (r)  a  solution  of  carbonate  of  mda. 

Method. — Take  40  c,c.  of  urine,  add  20  c.c.  of  {a),  filter  of!  the  pre- 
cipitate of  sulphates  and  phosphates;  keep  the  filtrate.     Fill  a  burette 
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*  Several  corrections  have  to  be  made  before  the  result  can  be  cone ide red  as 
socurate ;  for  these  the  detailed  accounts  in  practical  handbooks  of  Fhystology 
^0uld  be  consulted. 


k 


838  APPENDIX. 

with  (b),  and  take  15  cc.  of  the  filtrate  in  a  dish.  Let  (b)  fall  drop  bj 
drop  into  the  15  cc.  in  the  dish,  stirring  constantly.  Have  ready  a  glaa 
plate  with  soveral  separate  drops  of  (c),  and  from  time  to  time  add  a 
drop  of  the  urine  mixture  by  means  of  a  glass  rod  to  one  of  the  drops. 
When  a  yellow  color  first  appears  in  a  drop  of  the  NaCOs,  the  mercuric 
nitrate  is  just  in  excess.     Read  the  burette.     Calculate  as  follows: 

1  cc.  of  mercuric  solution  precipitates  .01  grm.  of  urea,.-,  the  No.  of 
cc.  used  X  .01  =  amount  of  urea  in  15  cc  of  filtrate,  i.c.,  in  10  cc.  of 
urine.  But  10  cc  of  urine  usually  contains  enough  NaCl  to  act  on  2  cc. 
of  mercury  solution.*  Hence^  when  reckoning  the  number  of  ex,  of 
standing  mercury  solution  used,  a  deduction  of  2  cc.  must  always  k 
made. 

Quantitative  Estimation  of  Chlorides. 

Liebig's  Method. — The  solutions  required  are  a  baryta  mixture  u 
above;  and  {b)  standard  solution  of  mercuric  nitrate,  such  that  1  cc. 
would  be  capable  of  decomposing  .01  grm.  of  sodium  chloride. 

Method. — Take  40  cc  of  urine  free  from  albumen^  and  add  20  cc  of 
(a).  Filter.  Take  15  cc  of  filtrate  and  place  in  a  flask  or  dish,  adding 
a  drop  or  two  of  nitric  acid.  Fill  a  burette  with  (b),  and  slowly  ran 
some  of  this  solution  into  the  filtrate  in  the  dish^  stirring  constantlj. 
As  soon  as  a  distinct  cloud  appears  in  the  diluted  urine,  and  does  not 
disappear  on  stirring,  then  all  the  sodium  chloride  in  urine  has  been 
decomposed.      Read  burette.     Calculate  as  follows : 

1  cc  of  mercury  solution  decomposed  .01  grm.  of  NaCl,  .'.  the 
number  of  cc  used  X  .01  grm.  =  number  of  grms.  of  NaCl  in  15  cc  of 
filtrate,  i.e.,  10  cc.  of  urine. 

Quantitative  Estimation  of  Phosphates. 

The  solutions  required  are  (a)  solution  of  sodium  acetate,  containing 
100  grm.  of  sodium  acetate,  100  cc  of  acetic  acid,  and  900  cc  of  distilled 
water;  (h)  a  solution  of  uranium  acetate  or  nitrate,  such  that  1  cc  will 
precipitate  .005  grm.  of  phosphoric  acid;  and  (c)  a  solution  of  femh 
cyanide  of  potassium. 

Method. — Take  50  cc.  of  urine.  Add  some  (a)  solution,  and  heat  on 
water-bath  to  nearly  100°  C.  Fill  burette  with  (J),  and  allow  this  to 
fall  into  the  urine  slowly.  Have  ready  a  glass  plate  with  several  distinct 
drops  of  potassium  ferro-cyanide  solution.  From  time  to  time  add  a 
drop  of  urine  mixture  to  one  of  the  drops;  and  when  there  first  ap- 
pears a  reddish-brown  color  in  a  drop  of  potassium  ferro-cyanide,  all  the 
phosphates  are  precipitated.     Read  burette.     Calculate  thus: 

1  cc  precipitates  .005  grm.  of  phosphoric  acid,  .*.  the  number  of  cc 
used  X  .005  grm.  =  number  of  grms.  of  phosphoric  acid  in  50  cc.  of 

urine. 

*  This  is  only  a  rough  estimate. 
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Bezold*B  ganglion,  284 
Bidder's  ganglion,  234 
Bile  as  an  antiseptic,  893 
as  an  excretion,  894 
as  a  purgative,  894 
discharge  of,  894 
disposal  of,  896 
pigments,  891 

test  for,  892 
properties  of,  890 
Bile  salts,  890 

test  for.  391 
secretion  of,  894 
Bilifulvin,  391 
Bilifuscin,  881 
Bilihumin,  881 
Bilin,  890 
Biliprasin,  891,  881 
Bilirubin,  391.  831 
Biliverdin,  891,  831 
Bioplasm,  2 
Biuret  reaction,  113 
Bladder,  urinary,  469 
Blastema,  2 
Blastoderm,  22,  769 
Blastosphere,  767 
Blind  spot.  723 
Blooil,  129 

arterial  flow,  218 
capillary  flow  of,  222 
carbon  dioxide  of,  164 
chemical  composition  of,  150 
circulation  of,  171 
in  foetus,  804 
coagulation  of,  131 
colorless  corpuscles,  145 
corpuscles,  hyaline.  146 
corpuscles,  varieties,  146 
corpuscles,  140 

chemical  composition  of,  154 
development  of,  107 
enumemtion  of.  148 
red,  140 

red.  varieties.  142 
sp'ieen  in  formation  of,  322 
differences  between  arterial  and  ve- 
nous, 165 
flow,  regulation  of,  231 
gases  of,  155 
oxygen  of.  156 
physical  characters,  129 


Blood  plasma,  150 

chemical  composition  of,  151 

plates,  147 

pressure,  205 

proofs  of  circulation  of,  249 

quantity  of,  130 

respiratory  clianges  in,  276 

serum,  chemical  composition  of,  152 

uses  of,  170 

variations  in  composition,  164 

velocity  of  flow,  225 

venous  flpw,  224 
Blood-vessels,  development  of,  796 
Blushing,  247 

Body,  chemical  composition  of,  110 
Bone,  55 

canaliculi  of,  57 

development  of,  60 

functions  of,  69 

growth  of,  68 

Haversian  canals  of,  58 

lacuna*  of,  57,  59 

marrow,  56 

ossification  in  cartilage,  62 
in  membrane,  61 

periosteum  of,  57 
Brain,  581 

development  of,  807 

distinctive    characters    of    human, 
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fore-,  809 

gray  matter  in,  587,  620 

gyri  of,  618 

hind-.  809 

lobes  of,  617 

mid-,  809 

motor  areas  of,  626 

areas  of  human,  629 
areas  of  monkey's,  627 
tracts  in,  630 

relation  of  different  parts,  581 

sulci  of.  618 

weight  of.  624 
Branchial  clefts,  792 

folds,  792 
Bronchi,  254 
Brownian  movement,  3 
Brunner's  glands,  374 
Buffy  coat,  133 
Bulb,  the.  587 

centres  in,  594 
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white  fibro-,  54 
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corpuscles,  421 
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Cilia,  35 

solidjie,  120 

Ciliary  motion,  36 
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Circulation,  coronary,  244 
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effect  of  respiration  on,  287 
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Color,  Young's  and  Helmholtz's  theory 

of.  784 
Colorless  corpuscles,  145 

and  thymus  gland.  324 
(Colostrum,  310 

corpuscles,  808 
Columnffi  cameae,  179 
Column  of  Burdach,  565 

of  GoU,  565 
Common  sensations,  657 
Complemental  air,  268 
Compound  proteids,  118 
Concentric  corpuscles  of  Hassall.  324 
Conjunctiva,  694 
Connective  tissues,  40 

classiflcation  of,  48 

cells  of,  40 

development  of,  47 

white  fibrous,  43 

flbn)us,  development  of,  47 

yellow  elastic,  44 
Consonants.  549 
Contractility  of  muscle,  505 
Cornea,  structure  of,  695 
Corona  radiata,  614 
Coronary  circulation,  244 
Corpora  cavernosa,  755 

dentata,  587.  617 

geniculata,  617 

functions  of,  649 

quadrigemina,  616 
functions  of,  649 

striata,  615 

functions  of,  642 
Corpus  albicans,  583 

callosum,  583 

luteum,  760 

striatum.  583 
Corpuscles  of  Krause,  106 
Coughing,  279 
Cowper's  glands,  755 
Cmnial  nerves,  596 

development  of.  806 
Cranium,  development  of,  791 
Crassamentum,  132 
Crura  cerebri,  582,  613 
Crusta,  613 

petrosa,  76 

phlogistica,  133 
Crypts  of  LieberkUhn,  373 
Crystalloids,  410 


Cutaneous  sensations,  centre  for,  642 
Cutis  vera.  491 
Cystin  in  urine,  481 

Daltonism,  736 
Daniel's  battery,  508 
Decidua  retlexa,  785 

serotina,  785 

vera,  785 
Defecation,  407 

centre,  579 
Deglutition,  a52 

nervous  mechanism  of,  853 

time  occupied  in,  853 
Dendrite,  91 
Dental  papilla,  78 
Depressor  nerve,  247 
Descemet,  membrane  of,  696 
Deutero-proteose,  362.  382 
Development,  22,  766 
Dextrin,  123 
Dextrose,  124 
Diabetes  mellitus,  438 
Diabetic  centre,  596 
Diapedesis,  224 
Diastole  of  heart.  189 
Dicrotic  notch,  219 

pulse,  220 

wave,  219 
Dicrotism,  causes  of,  221 
Dienceplialou.  809 
Diet,  etfect  of  albuminoid.  430 
carbohydrate,  434 
fatty,  434 
proteid,  429 

re(iuisites  of  a  normal,  441 

tables.  442 

variations  in,  444 
Digestion,  331 

in  intestines,  379 
Diplopia,  738 
Direct  cell  division,  13 
Direction,  visual  estimation  of,  73'2 
Dobie's  line,  85 
Dogiel's  cells,  234 
Dreams,  638 
Du  Bois  Reymond's  induction  coil,  5< 

key,  509 
Ductless  glands,  312 
Ducts  of  Cuvier.  803 
Ductus  arteriosus.  801 
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)uctus  veDosus,  805 

Erection  centre.  580                                         ^^M 

)ora  iimt^r,  558 

ErythroMasts.  169                                             ^^M 

)jsptn£a,  285,  293 

Erytbrmiextrin.  339                                          ^^H 

Ethrrs,  826                                                          ^^M 

Har,  cochlea  of,  679 

Excretion,  460                                                     ^^H 

developnieut  of,  813 

detiuilion  of,  297                                         ^^M 

external.  067 

Expimtion.  264                                                  ^^M 

iatcraal,  079 

Expired  air,  271                                                 ^^H 

membranous  labyrinth  of,  680 

how  changes  effected  in.  275                     ^^H 

middle,  677 

volume  of.  273                                              ^^H 

OBseous  labyriolh  (if,  679 

External  capsule.  615                                        ^^H 

osaicleB  of,  078 

Extreniitiei^,  lievH'lopment  of,  794                     ^^^| 

vestibule  of,  679 

Eye,  anatomy  of,  793                                         ^^H 

Sdestrinu.  117 

and  the  camera.  722                                    ^^H 

iggalbumin,  114 

cbanibcTH  of,  708                                          ^^M 

Sgga.  cliemiral  cnm  posit  inn  of,  828 

chromatic  ubermlion  of,  721                     ^^H 

Sigbth  uervt\  6(16 

development  of,  HlO                                   ^^H 

Sliistin,  43,  121 

movements  of.  717                                             1 

elect rmles.  5(»H 

muscles  concerned  in  movement,  717                I 

n  on  po  lari  /n b  le»  503 

op ti cal  axis  of,  711                                              1 

Clectiolimus,  529 

refractive  stir  faces  and  media  of,  710                1 

Eleven  111  nerve,  611 

spliericjd  aberration  of,  720                                 1 

emission  centre,  579 

Eyeball.  694                                                       ^H 

Cuainel  cap,  79 

blooil  vessels  of,  708                                   ^^H 

organ,  76 

of,  608                                                      ^^M 

Snebyknm,  9 

lens  of.  69^1                                                   ^^M 

^Iniloairdiac  premiirc,  198 

retina  of,  701                                                ^^U 

^ndocArdium,  178 

structure  of  choroid  coat,  697                    ^^H 

indomysiuin,  83 

of  i-ornen,  695                                         ^^M 

ilmloneurium,  97 

of  sclerotic  coat,  694                            ^^H 

Cnd osmometer.  499 

^^H 

Endothelium,  29 

FACIAL  nerve^  604                                                ^^H 

Enzymes,  331 

pamly^iH  of,  6U5                                         ^^H 

Eosinophil,  146 

F'leces,  composition  of,  405                               ^^H 

Cpencepbalon.  B09 

Fallopian  tubes,  748                                            ^^M 

ipiblaflt,  22.  771 

Fascnoulus  cuneatus,  588                                 ^^H 

organs  developed  from,  788 

gmcilis,  .588                                                   ^^M 

Spicardinm,  172 

of  Riibuido.  588                                             ^^M 

ilpidcrmis.  28 

solitarius,  607                                             ^^^ 

Blructure  of,  489 

Fats,                                                                   ^H 

*;pididymis,  751 

digestitm  nf,  381  393                                 ^H 

Spii^'loUis,  253 

emnkitlcation  of,  aS3,  393                         ^^M 

Spbnysiiim,  83 

sapomtieatirm  of,  383.  393                         ^H 

Spinephrin,  317 

Fatly  acids,  826                                                  ^^M 

Spincurium.  07 

Fermentation  In  intestiDes,  402                        ^^H 

^pilLielial  tissues.  28 

FermiUts.  832                                                     ^^M 

Epithelium,  20 

Fibrt^s  of  Eiemak,  95                                           ^^f 

functions  of »  39 

Fibrin.  118,  132.  154                                          ^H 

simpte,  29 

ferment,  136                                               ^^H 

atmtifiefl  37 

formation  of.  133                                        ^^H 

transitional,  37 

sources  of,  138                                             ^^H 

«44 


DSTDSX. 


Fibrinogen,  185 
Fifth  nerve,  599 
Fillet,  598,  616,  682 
Filtration,  410 
Fission,  9 
Fixed  cells,  40 
Foetal  membranes,  779 
Food  and  digestion.  826 

effects  of  deprivation  of,  489 
of  too  much,  488 

mastication  of,  882 

salts  of.  829 
Foods,  826 

effects  of  cooking,  880 

inorganic,  826,  829 

liquid,  880 

nitrogenous,  826 

composition  of,  827 

organic,  826 

non-nitrogenous,  829 
Foramen  of  Munro,  588 
Forced  movements,  649 
Fore-brain,  585.  809 
Fore-gut,  779 
Form,  estimation  of,  732 
Fornix,    588 
Fourth  nerve,  598 
Fovea  centralis,  701 

GALACToniORous  ducts,  807 
Galactose,  125 
Gall-bladder,  889 
Galvanic  currents,  508 
Gastric  digestion,  conditions  affecting, 
863 

products  of,  362 

time  of,  364 
juice,  358 

chemical  composition  of,  351 

pepsin  of.  359,  360 
Gelatin,  120 
Gelatinous  tissue,  46 
Gemmation,  9 
Genital  organs  of  female,  744 

of  male,  750 
Genito-spinal  centre,  579 
Germinal  matter,  2 
Glands,  secreting,  802 

varieties  of,  802 
Globulins,  116 
Globus  pallidus,  615 


Glos80-phar3mgeal  nerve,  607 
Glucase,  888,  859,  864,  881.  888 
Gluco-nucleoproteids,  118 
Gluco-protcids,  118 
Glucose,  124 

tests  for,  884 
Glucoses,  122,  884 
Glycm.  828 
Glycogen,  128 

destination  of,  486 

effect  of  different  diets  on,  486 

formation  of,  485 

source  of,  485 
Glycogenesis,  485 
Glycol  acids,  827 
Glycosuria,  487 
Gmelin's  test,  882,  393 
Graafian  follicles,  745 
Gramme-calorie,  452 
Granulose,  888 
Grape  sugar,    quantitative  estimaticn) 

885 
Guanidin,  829 
Guanin,  881 
Gullet,  351 
Gustatory  buds,  349 

cells,  349 

HiGMACHROMOOSN.  162 

Hsemacytometer.  148 
Hsematin,  162 
Hsematochometer,  221 
Hfematoidin,  163 
Hiematoporphyrin,  162 
Hsemin,  163 
Haemoglobin,  157 

action  of  gases  on,  159 

derivatives  of,  162 

estimation  of,  160 

reduced,  159 
Haemoglobinometer,  161 
Hair,  structure  of,  494 
Haversian  canals,  58 
Heart,  172 

action  of,  189 

automaticity  of,  238 

capacity  of,  177 

chambers  of,  174 

development  of.  795 

effect  of  poisons  on,  241 
of  temperature  on,  241 
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Heart,  farce  of  action.  S04 

Hypermetrnpfa,  720                                   ^^^H 

frequt'uey  of  ariiou.  208 

Ifyperpna^a,  292                                          ^^^M 

impulse  of,  UM 

IIyp« •blast,  22,  771                                     ^^^f 

iDfluencc  of  central  uervoua  system 

organs  developed  from,  789               ^^^f 

on.  237 

Hypoglossal  nerve,  612                              ^^^H 

of  Bympatbijtic  od,  2*H9 

HypojwQlbln,  881                                     ^^^| 

of  vagus  on,  287 

^^^H 

metabolism  of,  24a 

Il.Eo-c.£CAL  valve,  876,  378                      ^^^H 

morphology  of,  IM 

IncuiTie  of  energy,  444                                ^^^H 

muscle,  88 

Indican,  478,  882                                         ^^H 

properties  of,  282 

Indigo,  H82                                                     ^^^| 

QerveB  of,  284 

urlue,  478                                          ^^^H 

origiii  of  urrvc  fUires,  289 

Indirect  cell  division,  14                             ^^^H 

regulatioDof  ftinr  uDtl  frequency  of 

Indol,  408,  8:i2                                               ^^H 

coiiiRictiou,  232 

Iniloxyl,  4m                                                ^^^M 

size  of.  177 

Induced  electric  currents,  508                    ^^^| 

sounds  of.  194 

liiductiun  coil,  506                                     ^^^^| 

structure  of.  177 

Inorgnnic  foods,  839                                   ^^^f 

valves  of,  178 

^^^H 

action  of,  190 

Insalivatlon,  833                                         ^^^| 

weight  of,  177 

Inspiration,  261                                            ^^^B 

work  of,  205 

forced,  263                                            ^^M 

Heart  beat,  electrical  phenometia  of,  248 

muscles  of,  269                                   ^^^M 

jnethod  of  investigating,  241 

quiet,  268                                            ^^^| 

Heat,  animal.  449 

Id  tercel  lular  substance,  27,  41                          ^H 

influence  of  extreme.  4r>9 

Interlolndar  veins,  887                                ^^^M 

of  nervou»  HyBtem  on.  457 

Internal  t^Lpgnle.  614,  080                           ^^^| 

loss  from  surface  of  body,  454 

secretions,  31 2»                                      ^^^H 

tUrough  luugs»  455 

Intestinal  digestion,  influence  of  nervous  ^^^H 

profiuclng  tiasuea,  452 

Hy«;tem  on,  404                           ^^^^| 

pmduetioij  of  bfHly  ,  451 

iiu ration  of,  404                              ^^^^| 

regnlaiiou  of  botiy-.  453 

seiTi-tion,  898                                         ^^^| 

vuriatiouH  in  lo»s  of .  458 

Intestine,  large,  870                                      ^^^| 

in  priKiucHon  of,  456 

glands  of,  877                                ^^^^| 

Hearing,  670 

structure  of,  877                           ^^^^| 

physiology  of,  684 

small,  villi  of,  875                               ^^^| 

He n\i anopsia,  640 

Intcstiuefi,  370                                              ^^^| 

Hi  iile's  tuenibmne,  45 

action  of  bacteria  in.  401                      ^^^| 

Heiison's  disc,  b5 

digcHlioM  in,  379                                  ^^^^| 

I  It-tern  proteose.  862.  883 

fennentalion  in,  402                             ^^^^| 

Iliecough,  27i* 

gases  in,  405                                        ^^^| 

Hind  bmin.  585.  809 

movements  of,  408                               ^^^^| 

HipjKM'^mpUH  nun  or,  619 

putrefacttcu)  in.  408                              ^^^^| 

Hippurie  acid,  477.  828 

Invert(^bratie,  825                                          ^^^| 

fonnation  of,  484 

Invertin,  898                                                 ^^^| 

Homoiotliennal  ntdniats,  450 

lodothyrin,  814                                             ^^^H 

Hyaloplasm,  9 

^^^1 

Hydrobllirnbin,  802,  478 

Island  of  Hell,  618                                       ^^H 

Hydr*x?arbon8,  826 

^^^^M 

HyiirtH  hloHc  acid,  combiue^l,  841.  360 
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test  for  free,  860 
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ryoplasm,  12 

Abolism,  7 
Katacratic  waves,  219 
KatelectrotoQus,  530 
Kathode,  581 
Keratin,  122 
Kidneys,  blood-vessels  of,  405 

loop  of  Henle  of,  468 

Malpighian  bodies  of,  461 

nerves  of,  468 

structure  and  functions  of,  460 

tubuli  uriniferi  of,  461 

vasa  efferentia  of,  467 

vasa  recta  of,  467 
Kilogramme-calorie,  462 
Krause's  membrane,  86 
Kreatin,  829 
Kreatinin,  829 

formation  of,  434 

in  urine.  479 
Kymograph,  208 

Lachrymal  gland,  694 
Lact-albumin,  811 
Lacteal.  875,  422 
IjECtifcrous  ducts.  807 
IawU)  globulin.  811 
Lactose,  124,  811 
Lievulose.  124 
Ijaminte  dorsjilis.  774 
Large  intestine,  876 

summary  of  digestion  in,  400 
Laryngoscope.  541 
Larynx.  258,  586 

anatomy  of,  587 
Ijiughing.  281 
Lecithin,  880 
I^giHuinous  fruits,  829 
Lenticular  nucleus,  615 
Jveucin,  829 
jA'Ucocytes,  145 
Lieberkahn's  jelly,  116 
Life,  phenomena  of,  1 
Linin,  12 
Lipochromes,  882 
Liquid  foods,  880 
Liquor  sanguinis,  129 
Liver,  885 

development  of,  ^?t"fiL 

functions  of.  889 

internal  secretion  of,  1M8, 


Liver,  structure  of,  885 
Locus  caruleus,  587 

niger,  614 
Lungs  and  pleurae,  256 

blood  supply  of,  260 

development  of,  817 

lymphatics  of,  261 

nerves  of,  261 

structure  of,  256 
Luxus  consumption,  430 
Lymph,  421 

capillaries,  412 
origin  of.  414 

chemical  composition  of,  422 

flow,  416 

heart,  417 

quantity  of,  422 
Lymphatic  glands,  417 

system,  412 

tissue,  46 
Lymphatics,  423 

communications  of,  415 
Lymphocyte,  146 
Lymphoid  tissue,  46 

Malpighian  bodies.  461 
Maltose.  124 
Mammary  glands.  806 
areola  of.  808 
Manometer,  207 
Mastication.  882 

muscles  of.  838 

nervous  mechanism  of,  338 
Mastoid  cells.  077 
Meconium,  394 
Medulla  oblongata,  582,  587 

functions  of,  593 
Medullary  folds,  774 

groove,  774 

plate,  774 

sheath.  92 
Meissner's  plexus,  371 
Melanin.  832 
Membra na  decidua.  784 

propria,  27 

tympani.  677 
Menstrual  discharge,  759 
Menstruation,  757 
Mesencephalon,  809 
Mesoblast.  22,  771.  773 

organs  developed  from.  789 
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Meso  hi  astir  siiTOites,  776 

Muscle-nerve  physiology,  500 

J 

3Ietiibr>lism.  7 

plain,  81 

^H 

uutniiou  and  diet,  437 

pltwima,  500 

^H 

Metapiui,si*s,  16 

reticulum  Ibeory,  86 

^H 

MetcDceplmloD,  809 

serum,  500 

^H 

Metlia^maglobiD,  100 

Bound,  514 

^H 

Hlcmrition,  488 

atimuli  of.  507 

^H 

centre,  579 

striated.  82 

^H 

Mid  brain,  585,  809 

Muscles,  Hction  of  involuntary,  527            ' 

^1 

Milk.  Sm 

of  voluiitnry,  533 

^H 

as  a  foo(J,  328 

as  heat  producers.  453 

^H 

cliemieiil  coin  position  of,  810,  328 

centre  for  tone  fif.  570 

^^ 

coagulation  of,  310 

Muscular  contraction,    accompaniments 

B 

digestion  tif.  363 

of,  514 

^^ 

globnles.  ^m 

conditions    afTectin^    chnmtter 

^M 

salts  of,  311 

of.  516 

^M 

Mil  Ion '8  reaction.  US 

differences   between    voltintJiry 

^M 

Miucml  foods,  321) 

and  involuntary,  519 

^M 

Mitosis,  14 

latent  period  of,  513                         ■ 

^H 

Motor  oculi  nerve,  r»97 

plienomctna  of,  507                           H 

^H 

Mouth,  description  of,  332 

record  of,  510                                 .fl 

^H 

Movement,  visual  estimation  of,  733 

single.  513                                         ^ 

^H 

MuciD,  118 

Btage  of  eoolractioa,  513 

^H 

Mucous  menibrautis,  300 

stage  of  e  las ti  c  a  f t  r  r  v  i  b ra  l  ion, 

^H 

Mucus,  aui 

514 

^H 

in  urine,  479 

stage  of  elongation,  513                  i 

^1 

Murexide  test,  477 

codrduaation  centres  for,  638 

^H 

ilusrle  at  rest,  &)2 

metaboiism,  533                                     i 

^H 

blood  siupidy  of,  HO 

se  n  sa  f  i  0  na .  cent  re  for,  643 

^1 

CftskctH  Ibeitry,  Ki 

8eOBe.  665 

^H 

cbendeal  comjiosillon  of,  500 

tissue.  81 

^H 

-clot,  500 

work.  518 

^H 

conditions  affecting  irritabilitj,  505 

Musculi  papillares,  179 

^1 

coatmctility  of,  505 

Mull  on,  composiliou  ttf,  327 

^H 

current^s,  503,  504 

Myelin  sheath,  93 

^H 

negative  variation  of,  516 

Myelocyte,  146 

^H 

of  action,  516 

Myeloplaxe,  56 

^H 

of  rest,  505 

Myograph,  pendulum.  512 

^H 

curve,  513 

Myoharoatiii,  501 

^H 

effect  of  blood  supply  on,  505 

Myopia.  719 

^1 

of  disuse  on,  500 

Myosin,  116 

^H 

of  sepiiratiria  from  the  nervous 

ferment.  501 

^1 

system  on.  506 

Myxcedema.  814 

of   sin|?le  induction  shock  on, 

513 

NArLS,  structure  of,  495 

of  temperature  on,  5Q7 

Native  albumins,  114 

of  use  on,  506 

Neural  canal,  774 

fatigue  of,  506,  519 

Keumvoa,  91 

heart.  88 

Neurcaterie  canal,  77$ 

in  activity,  505 

Neurilemtna,  93 

natuml  nirrents,  505 

: 

Neuroglia,  107 
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Neuron,  91 

Neutrophil.  146 

Nerve-cells,  99 

Nerve-centres,  automatism  of,  558 

functions  of,  555 

inhibition  and  augmentation  of,  558 
Nerve  collaterals,  98 

-corpuscles,  98 

effect  of  constant  current  on,  528 

electrotonus  in,  529 

-fibres,  91 

functions  of,  552 
medullated,  91 

impulse,  velocity  of,  554 

plexuses,  99 

stimuli,  528 

terminations,  102 

trunks,  97 
Nerves,  effect  of   battery  currents  on 
human,  581 

electrical  currents  in,  527 

vaso-motor,  246 
Nervous  metabolism,  584 

system.  552 

cerebro-spinal,  554 
development  of,  806 
Neurokeratin,  122 
Ninth  nerve,  607 
Nitrogenous  bases,  828 
Nitrogenous  equilibrium,  429 
Nodes  of  Ranvier,  95 
Na?ud  vital,  282 
Normal  saline  solution,  35,  184 
Nose,  development  of,  813 
Notochord,  774 
Nuclear  matrix,  18 
Nucleic  acid,  119 
Nuclein  bases,  119,  828 
Nucleius,  119 
Nucleoli,  12 
Nucleo-proteids,  119 
Nucleus,  11 

ambiguus,  607 

of  Pander,  771 

structure  of,  12 

Odontoblasts,  72 
GCsophagus,  851 
Oils,  122 

Olfactory  bulb,  671 
centre,  641 


Olfactory  tract,  641 
Olivary  bodies,  587 
Omphalo-mesenteric  duct,  778 
Oncograph,  488 
Oncometer,  488 
Ophthalmoscope,  725 
Optic  centre,  689 

lobes,  649 

thalami,  588,  616 
functions  of,  642 
Optical  apparatus.  709 

anatomy  of,  698 

defects  of,  718 
Organ  of  Corti,  688 
Organic  chemical  substances,  826 

substances.  111 
Organized  ferments,  401 
Organs,  development  of,  788 
Osmosis,  408 
Osseous  labyrinth,  679 
Osteoclasts,  65 
Osteogenetic  fibres,  61 
Output  of  energy,  444 
Ovaries,  744 
Oviducts,  748 
Ovum,  746 

changes  in,  766 

following  impregnation,  767 
prior  to  impregnation,  766 
Oxygen  in  expired  air,  278 
Oxyhemoglobin,  158 
Oxyntic  cells,  356 
Oxyphil,  146 

Pacinian  corpuscles,  104 
Pain,  664 
Pancreas,  379 

development  of,  815 
internal  secretion  of,  318 
structure  of,  379 
Pancreatic  diabetes,  318 
juice,  381 

conditions   favoring  action  of 

884 
functions,  882 

nervous  mechanism  of  secretion, 
884 
Paraglobulin,  117.  185 
Parathyroids.  818 
Parotid  gland,  secretion  of,  842 
Parturition  centre.  580 
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Penis.  754 

Primary  areola,  64 
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PepsiCo  3 

Primitive  groove,  772 

^^^H 

action  of,  361 

sireak,  772 

^^^H 

functioDs  of.  361 

Pro  nucleus,  female,  754 

^^^1 

how  obtained.  361 

Prophases,  15 

^^^1 

Pepsinogen,  357 

Prosencephalon.  808 

^^B 

Peptone.  117.  361 

i^rostate  gland.  756 

H 

clmracleristics  of,  863 

Protamines,  827 

H 

Perceptions*  659 

Protargons,  828 

ir^fl 

Perforating  fibres  of  Sliarpey,  60 

Proteids.  Ill 

^^^H 

Perfusion  canula,  241 

chemical  reactions  of,  112,  113 

^^^1 

Pericardium,  172 

clrculaimg,  480 

^^^1 

Perimysium,  83 

coagi  dated,  117 

^^^H 

Perineurium,  97 

digestion  of.  362 

^^^1 

Periiisteuni,  57 

floating,  43U 

^^^H 

Periplieral  resfstftnee.  206.  245 

morphotic.  430 

^^^1 

Perftpimtion.  496 

tissue.  430 

^^^M 

Pettenkofer^H  U"St,  391 

varieties.  114 

^^^1 

Peyer'a  patches.  374 

Proteoids,  120 

^^^1 

Pfl tiger's  law  of  contractions,  .^30 

Proteoses.  117,  362,  382 

^^^1 

Phagocyte.  146 

primary,  302.  382 

v^^^l 

Plmrynx,  349 

reactions  of,  363 

^^^H 

Phenol  formed  in  intestine.  408 

secondary,  362,  382 

^^^H 

Phosphates,   quantitative  estimation  of, 

Protoplasm.  2 

^^^1 

838 

chendstty  of.  3 

^^^H 

Phosplioric  ackl  in  urine,  480 

detinition  of,  3 

^^^H 

Phrenograph*  266 

grow  til  of,  7 

^^^1 

Pia  mattr,  559 

irritability  of,  6 

^^^^ 

Pineal  gland,  325 

movement  of,  4 

^^H 

Pigments.  881 

properties  of,  3 

^^^1 

Pituitary  body.  Si  7 

reproduction  of,  8 

^^^1 

devt'lopmenl  of,  791 

stimuli  of,  6 

^^^1 

Placenta.  7H5 

vital  clmnicteristics  of,  4 

^^^1 

formation  of,  784 

Proio  proteoses  3(i2.  382 

^^^H 

Plasnni.  129,  160 

Prolo vertebra'.  776 

^^^H 

cells.  41 

Pseudoscope,  743 

^^^1 

salted,  134 

Paeudo  stomata,  32 

^^^1 

Plasmine,  134 

Ptjalia.  338 

^^^^ 

Pleura.  257 

action  of,  339 

^^^1 

Pneumogastric  nerve,  608 

Pulse,  206.  215 

l^^^l 

Pneumogmpii,  265 

Pulvinar.  616 

"^^^1 

Poikilottiermal  iinimals^  450 

Pupil.  699 

^^^1 

Polar  ri41.  766 

Uiovementa  of.  717 

^^^H 

Pons  Varolii,  m2.  612 

Purin  base,  119 

^^^1 

Purk,  composition  nf,  327 

nucleus,  119..  828 

^^^^^H 

Post  dicrotic  wave,  219 

Purkinjescell.  644 

^^^^H 

Potassium  indoxyl  sulphate,  882 

figures.  723 

^^^H 

Poultry,  composition  of,  327 

Putameu.  615 

^^^1 

Predicrotic  wave.  219 

Putrefaction  in  intestines,  403 

^^^^ 

Presbyopia.  722 

^^^^ 

Pressor  nerves,  246 

Reactiox  of  degeneration,  53S 

^^^H 

54 

J 
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Hecurrent  sensibility,  572 
Bed  corpuscles,  action  of  reagents  on, 
142 
destruction  of,  in  spleen,  822 
formation  in  spleen,  822 
varieties,  142 
Red  nucleus,  587 
Reflex  action,  555 
inhibition  of,  577 
morbid,  578 

relation  of  stimulus  to,  556 
Reflexes,  cutaneous,  576 
Remak's  fibres,  95 
ganglion,  234 
Rennin,  868 

Reproductive  organs,  744 
Reserve  air,  268 
Residual  air,  268 
Respiration.  251 

effect  of  altitude  on,  296 
effect  on  circulation,  287 
effect  of  various  gases  on,  295 
effect  of  vitiated  air  on,  287 
influence  of  general  sensory  nerves 
.  on,  284 

of  glosso- pharyngeal  nerves  on, 
;  284 

of  superior  laryngeal  nerve  on, 

288 
of  vagi  on,  283 
inspiratiou,  261 
mechanism  of,  261 
movements  of  vocal  cords  in,  544 
nervous  apparatus  of,  281 
rhythm  of.  207 
japecial  acts,  278 
Respirations,  number  of,  269 
Respiratory  api)aratus,  252 
capacity,  268 

conditions  affecting,  269 
centre,  282 

automatic  action  of.  284 
method  of  siimuhitiug,  285 
centres,  595 

changes  in  air  breathed,  271 
in  tlie  blood.  276    • 
in  the  tissues.  277 
movements,  methods  of  recording, 
265 
of  nostrils  and  glottis,  267 
murmur,  267 


Respiratory  muscles,  force  of,  269 

quotient,  274 
Restiform  body,  590 
Retiform  tissue,  46 
Retina,  701 

cones  of,  708 

excitation  of,  728 

layers  of,  702 

reciprocal  action  of  parts  of,  786 

rods  of,  708 
Rheoscopic  frog,  527 
Rhythmical  contractility,  282 
Ribs,  movements  of.  in  respiration,  263 
Rigor  mortis  of  muscle,  521 
Rima  glottidis,  258 
Ritter's  tetanus,  581 
Roy*s  tonometer,  242 
Running,  527 

Saccharoses,  122,  884 
Saliva,  887 

action  of,  on  starch,  888 
chemical  composition  of,  887 
conditions  affecting  action  of,  840 
nervous    mechanism   of   secretion. 

841 
properties  of.  387,  888 
ptyalin  of,  388 
quantity  of,  338 
rate  of  secretion,  388 
uses  of.  838 
Salivary  digestion  in  stomach,  841,  360 
glands.  333 

changes  in  cells  during  secre- 
tion, 344 
development  of,  815 
nerves  of,  336 
structure  of,  333 
varieties  of.  335 
Sanson's  images,  715 
Barcode,  2 
Sarcolemma,  88 
Sarcomeres,  87 
Sarcoplasm,  85 
Sarcosin.  829 

Schiff 's  test  for  uric  acid,  477 
Sebaceous  glands,  493 
Secreting  glands,  302 
Secretion,  297 

circumstances  influencing,  805 
discharge  of,  304 
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Soapa,  826                                                        mi^M 

process  of,  B04 

8<ibbing,  2^1                                                    ^^H 

Secrtjtions,  intcnmL  S13 

Solidity,  judgment  of«  742                           ^^^| 

relations  between.  3<)6 

Somaloploure,  775                                            ^^^H 

Segmentation  in  chirk,  769 

Somnambulism,  ii'M                                         ^^^H 

Semicircular  tfinals.  (HO 

Sounds,  091                                                      ^^H 

Serailunes  of  Iknderdiain,  385 

Speaking,  2.80                                                 ^^H 

SeDsations.  common,  657 

Special  respiratory  acts,  278                          ^^^| 

of  color,  T34 

sensations.  058                                           ^^^H 

special  058 

Speech,  549                                                      ^^H 

Sense,  miiBCiiliir,  685 

actioji  of  tongue  in,  5S1                          ^^^H 

of  pain.  6tS4 

Spermatoblasts.  753                                        ^^^H 

of  sight,  mn 

Spermatozoa.  763                                             ^^^H 

of  smell,  670 

Sphygmogram,  319                                        ^^^H 

of  taste,  607 

Sphygmogmph,  216,  213                               ^^^H 

of  tt^mperature.  663 

Sphygmometer,  218                                       ^^^H 

of  touch.  660 

Spinal  accessory  nerve,  611                           ^^^H 

organs,  development  of*  810 

^^M 

Senses.  657 

centrc^s,  578                                                ^^^H 

Sensory  centres.  639 

cord,  560                                                   ^^^H 

Septum  lucidum.  563 

an tcro- lateral   ascending  tract,      ^^^H 

Serous  membranes,  functions  of,  299 

H 

in  secretion,  298 

antero-latei-al  descending  tract,            ^M 

Serum,  193,  152 

506                                                        ■ 

-albumin,  115.  152 

aacendiog  degeneration  of,  565             ^M 

-globulin,  135.  153 

columns  of,  505                                ^^^H 

Seventh  nerve,  604 

commti  tract,  566                             ^^^H 

Sexual    organs,  female,  physiology 

of,                      conduction  in,  573                            ^^^H 

757 

course  of  motor  impressions  in,            ^M 

male,  physiology  of»  763 

574                                                      ■ 

Bighinic,  279 

oourae   of  sensory  impressions           ^M 

&\gm,  603 

in,  573                                                  ■ 

Singing.  280 

descending  degeneration  of,  565      ^^^B 

Sixth  nerve,  604 

development  of,  807                          ^^^| 

Size  (of  objects),  estimation  of.  731 

diruct  cerebellar  tract,  567              ^^^H 

Skatol,  403,  833 

direct  pyramidal  tract,  566            ^^^H 

Skatoxyl,  403 

functions  of,  573                              ^^^H 

Skein,  15 

gray  matter  of,  563                           ^^^B 

Skeletal  muscle.  83 

peculiarities    of   different     re-      ^^^H 

Skin,  functions  of.  498 

gions,  570                                        ^^^B 

glands  of.  493 

postero' median  column,  566            ^^^H 

papilla:  of,  491 

posterior  marginal  zone,  567           ^^^H 

structure  and  functions  of,  489 

reflex  action  in,  575                         ^^^| 

Sleep,  687 

white  matu-r  of.  560                       ^^^^ 

Small  intestine,  371 

nerve- roots,  functions  of.  571                ^^^H 

glands  of,  373 

nerves,  567                                               ^^^H 

structure  of,  371 

anterior  roots.  56B                           ^^^H 

summary  of  digestion,  398 

course  of  fibres  of,  568                    ^^^H 

Smeil,  670 

development  of,  806                         ^^^H 

Sneezing.  280 

posterior  roots,  569                        ^^^| 

Sniffing,  280 

1.              -w 

Spirem,  15                                                 ^^^^ 
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Spirometer,  268 
Splanchnopleura,  775 
Spleen,  818 

functions  of,  821 

influence  of  drugs  on,  828 
of  nervous  system  on,  828 

lobules  of.  820 

^lalpighian  corpuscles  of,  821 

pulp,  820 

structure  of,  819 
Spongioplasm,  9 
Stammering,  551 
Stannius'  experiment,  286 
Starch,  128 

action  of  saliva  on,  889 

formation  of,  19 

granules,  structure  of,  888 
Starvation,  489 
Steapsin.  884 
Stcrcobilin.  892 
Stcrcorin,  897 
Stereoscope,  782 
Stethograph,  265 
Stethometer,  265 
Stokes'  fluid,  159 
Stomach.  ^54 

blood-vessels  of,  857 

changes  in  gland  cells  during  secre- 
tion, 357 

digestion  of,  after  death.  368 

gases  in,  406" 

glands  of.  356 

lymphatics  of,  357 

movements  of,  304 

nerves  of,  358 

nervous  control  of  secretion,  367 
infljuence  on  movements.  306 

structure  of,  354 
Stratum  intermedium  of  Hannover,  79 
Striatcnl  muscle,  82 
Stromuhr,  Ludwig's.  226 
Sublobular  veins.  387 
Submaxillary  gland,  action  of  atropine 
on.  343 
pamlytic  secretion,  343 
secretion  of.  342 
Succus  enterieus,  398 
Sucking.  281 
Sudoriferous  glands.  493 
Sugar,  test  for.  340 
Suprarenal  capsules,  314 


Suprarenal  capsules  and  Addison's  dis- 
ease. 317 
functions  of,  816 
nerves  of,  815 
structure  of,  814 
Swallowing.  852 
Sweat,  490 

chemical  composition  of,  497 
glands,  492 

influence  of  nervous  system  on  se- 
cretion, 498 
Sympathetic    ganglia,     functions   and 
structure,  655 
nervous  system.  650 
functicms  of,  653 
Synovial  fluid,  300 

membranes,  298 
Systole  of  heart.  189 

Tactile  corpuscles.  105 

menisques,  107 
Taste,  667 

after-,  669 

centre,  641 

-goblets.  349 

varieties  of,  668 
Taurin.  829 
Teeth.  69 

dentine  of,  73 

development  of,  76 

enamel  of.  75 

permanent.  70 

structure  of.  72 

temporary,  70 

wisdom.  71 
Tegmentum.  613 
Telophases,  17 
Temperature,  regulation  of  body.  453 

sense  of.  063 

variations  in  body.  449 
Tenth  nerve.  008 
Testes,  751 

Testicles,  descent  into  scrotum.  820 
Tetanus.  518 

Ritter's,  531 
Thalamencephalon,  809 
Third  eye,  325 

nerve.  597 
Thoracic  duct.  413 

Thorax,  respiratory  changes  in  diameter. 
262 
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Thrombin,  136 

Urlna  potus,  472                                           ^^^| 

Tbyrou3  glund,  a^ 

sanguinis,  472                                           ^^^H 

Thyroid  gland.  3t2 

Urinary  bladder,  469                                     ^^^| 

function  of,  3U 

Uiine,  409                                                         ^^H 

Tbyroids.  accessory ,  313 

ahaormal  constituents  of,  472                       ^H 

Tidal  air.  268 

average  daily  quantity  of  consditi'            ^M 

Tissue  elements,  derived,  27 

eots,  471                                                     ■ 

Tissues,  connective^  40 

chemical  composition,  469                            ^M 

elemenltiry,  2ft 

chlorine  in,  481                                                ^M 

respirator}'  changes  in,  277 

colored  by  inedieiaefi,  478                              H 

Toagne,  epithelium  of,  ^48 

cystine  in,  481                                           ^^H 

papiihe  of,  347 

ex  t  rae  ti  V  es  o  f ,  479                                   ^^^H 

structure  of,  346 

filtration  theory  of  secretion,  482          ^^^| 

Tonometer.  243 

gaseB  in,  482                                             ^^^| 

Tonsils,  dm 

hippuric  auid  in,  477                              ^^^H 

Touch  corpuacleft,  105 

indican  in,  478,  832                                 ^^H 

sense  of,  6(H) 

indigo  in,  478,  832                                 ^^H 

Trachea.  2o4 

kreatlnia  in,  479                                     ^^^H 

Tract  of  Gowera  and  Tooth,  507 

method  of  si'cretton,  482                        ^^^H 

of  Lissauer,  567 

mucus  in,  479                                           ^^^H 

Tmube-Heriog  curvea,  292 

passage  of.  into  hi  adder.  468                 ^^^H 

Trigeminus,  599 

pigments  of.  477                                     ^^^H 

Trochlearis,  596 

phoaphitric  acid  in,  480                          ^^^H 

Trypsin.  382.  833 

physictil  properties  of,  469                    ^^^H 

action  of,  382.  383 

quantity  of,  472                                      ^^^| 

Tuhuli  Hernia ifcii,  753 

reaction  of,  470                                        ^^^H 

uriniferi,  461 

rclalion  of  secretion  to  arterial  press            ^H 

Twelfth  nerve.  612 

^^H 

Tympanum,  677 

saline  matter  io,  479                               ^^^H 

Tyrosin,  830 

secretion  theory,  486                               ^^^H 

of,  472                                            ^^^H 

Umbilical  vesicle.  779 

Bulphunc  acid  in,  479                           ^^^^| 

Unstriped  mnsele,  81 

urea  in,  472                                            ^^^| 

Urea,  biuret  reaction,  474 

tiric  acid  of,  475                                            ^H 

chemical  nature.  474 

variations  in  speciic  gravity,  471         ^^^H 

formation  of,  433 

xanthin  in.  479                                        ^^^| 

in  the  urine.  472 

Urohilin,  392,  477,  831                                   ^^^^ 

properties  of,  473 

Urochrome,  477,  831                                      ^^^H 

quantitative  esliuiatioD  of,  475 

rrof^rytiiria,  478.  832                                    ^^H 

variations    in    quantity    excreted, 

Uromelanin,  478                                           ^^^^| 

474 

Uterus,                                                          ^^^H 

Ureters,  468 

^^^H 

Ureters,  structure  of,  468 

Vagina,                                                    ^^^| 

Urethra,  755 

Vagus  nerve,  606                                        ^^^^| 

Uric  add,  475,  830 

e fleets  of  section,  610                           ^^^^| 

condition  of.  In  urine,  476 

functions  of,  609                                  ^^^H 

formation  of,  433 

Valvule*  conniventes.  372                             ^^^H 

pro  per  ti  eft  of.  475 

Vascular  system,  development  of,  795        ^^^H 

tests  for.  476 

Vas  deferens,  751                                             ^^^H 

variations  in  quantity  of,  476 

Vaso  constrictor  nerves,  246                         ^^^H 

Uiina  cibi,  472 

Vasodilator  nerves,  246                             ^^^| 
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Vaao-motor  centres,  246,  505 

nerves,  di6 

course  of,  248 

reflexes,  246 
Veins,  186 

development  of,  802 

valves  of,  187 
Velum  interpositum,  588 
Venous  flow,  224 
Ventilation.  287 

Ventricles  of  heart,  action  of,  180 
Ventriloquism,  561 
Vemiz  caseosa,  407 
Vertebral  columns,  development  of,  780 

plate,  775 
Vertebratie,  825 
Vesico-spinal  centre,  570 
Vesiculffi  seminales,  768 
Vesicular  breathing,  267 
Villi.  872 
Visceral  arches,  702 

clef  to,  702 

folds.  702 
Vision,  accommodation  of,  718 

binocular,  788 

field  of,  780 

mecliauism  of  accommodation,  715 

range  of  distinct,  716 

reversion  of  image.  728 
Visual  axis,  712 


Visual  centxg,  680 

Judgments,  728 

perceptions,  728 

purple,  727 

sensations,  728 

duration  of,  724 
intensity  of,  724 
Vital  capacity,  268 
Vitellin,  120 
Vitelline  duct,  778 
Vocal  cords,  movements  of,  544 
Voice,  536 

difference  between  male  and  female, 
586 

in  singing  and  speaking,  545 
Vomiting.  860 
Vowels,  540 

Walking,  524 
Wallerian  degeneration,  665 
Wharton's  Jelly,  46 
Wolffian  bodies,  817 

XANTHI5,  881 

base.  110 

in  urine.  470 
Xantho-proteic  reaction,  118 

Yawning,  281 
Yolk-sac,  780 


